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Division/Section performing assessment 
 

Technical Division 
 
 
Name of organization that owns assessed process 
 

Engineering & Fabrication Department 
 
 
 
Organization Strategy 
 

The central mission of the EF department is to provide engineering and fabrication 
services for the support of HEP. The work on the US-CMS project allows the TD (and 
Fermilab) to be involved in the CMS collaboration, and contributes to the overall mission 
of the Lab and the Division.  

 
 
Names of Personnel on Assessment team 
 

Jamie Blowers, Quality Assurance Officer 
Ted Beale, Quality Control Supervisor 

 
 
Name of process assessed 
 

The design, procurement, fabrication and shipment of ME234/2 cathode strip chambers 
for the Endcap Muon portion of the US-CMS project. 

 
 
Brief description of process to be assessed 
 

The Technical Division is involved with the US-CMS project in areas of project 
management, design, engineering, procurement and fabrication. The process assessed 
is the design, procurement, fabrication and shipment of the ME234/2 cathode strip 
chambers (CSCs) for the EMU portion of the US-CMS project. This process involves 
both the PPD and the TD, and is carried out in Industrial Center Building (procurement), 
Industrial Building 4 (warehousing and inspection), Industrial Building 2 (travelers and 
scanning) Lab 8 (PPD area where panels are machined) and MP9 (chamber fabrication).
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Are metrics associated with this process?  If so, what are they? 
 

There is a contractual metric connected to Performance Area 1: Critical Outcomes, I. 
Science Programs, Objective 3, Indicator 1, Measure 1, Metric 3 “performance against 
the DOE-approved US-CMS Detector construction project baselines.” The internal metric 
is the production rate of chambers in MP9. 

 
What are the names of the procedures associated with this process? 
 

Since this is a project, there is no single document which describes the entire process. 
Here is a list of some of the documents reviewed which describe portions of the overall 
project: 
 
US-CMS Cathode Strip Chamber Quality Assurance Plan 
CMS Design Report 
US-CMS Project Management Plan 
CMS-EMU FNAL Factory Division of Responsibilities 
Statement(s) of Work 

 
Are these procedures being followed? Are they current? 
 

The procedures are being followed, and for the most part are current. The QA plan 
should be updated, and specifics are described below. 

 
Describe the methodology used to assess this process. 
 

This assessment followed the standard methodology for conducting a quality audit. We 
defined a checklist and a schedule, held opening and closing meetings, interviewed 
personnel involved with the project, and conducted a detailed review of the 
documentation and records. A summary report was written and published, and is 
attached to this report. 

 
Results of the assessment: 
 

Based on this assessment, we conclude that the CSC portion of the US-CMS project 
should be rated as excellent. The project is on schedule, within budget, the completed 
chambers are successfully passing the validation tests, and morale in the central 
production facility (MP9) is very high. 
 
The fact that 15 chambers have passed cosmic ray testing here at Fermilab, and 67 
chambers have been shipped to UF/UCLA and a portion of those have successfully 
passed cosmic ray testing there indicates that the existing process controls are 
adequate. The overall production management system of travelers has historically 
proven to be very effective at assuring quality, and we see this again with CMS. 
 
Notable practices include the cross training of all MP9 technicians on all MP9 
operations, the use of the OnBase scanning system to digitally archive production 
records, and the high level of morale in MP9. 
 
As stated above, the metrics are connected to meeting the project baseline (so as to 
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meet the deadline for completing production). As of the audit, production is on schedule 
to meet the deadline. 
 
No major deficiencies were identified. There are four areas where improvements should 
be made, and those are identified below. 
 
As this was the first QA assessment for the project, there are no prior assessments to 
which we can compare. However, when reviewing the close-out report for the latest 
Lehman review, we note that other areas of the US-CMS project have technical issues 
which need to be resolved, and that the CSC portion did not have any findings. This 
indicates that the work done within TD compares well to other such projects.  

 
 
Identified opportunities for improvement 
 

There are four areas which should be addressed to make improvements: 
 

1. Calibration: 
 

Calibration, although mostly satisfactory, did have some issues. There were some pieces of 
equipment which either had expired calibrations, or no labels stating the calibration status. 
Project management was aware of some of the problems, but there were others which were 
not known until the audit. Specifically, there was a label on a Fluke multimeter in MP9 (S/N 
74341043) which had all its information rubbed off, and the gages in Lab 8 did not appear to 
have any calibration identification on them at all. 
 
Action: Correct the calibration label on the Fluke multimeter in MP9. 
 
Action: Review the calibration status of all gages in Lab 8. As needed, have them 

calibrated and identified as such. 
 
Action: Remind the Technicians that part of the fabrication and testing process is to 

ensure that only properly calibrated gages are to be used. This means that they 
should be aware of the calibration status of every gage they use. 

 
2. Traceability 
 
According to the TD Quality Management Program (policy document TD-2010), 
lot/batch/serial numbers of the parts going into a unit are recorded in the traveler. The 
project has decided that only minimal traceability is required (i.e. the panels and the wire). 
All other parts are not traceable back to the manufacturer. It is understood that this was a 
conscious decision, based on finances and risk. However, this decision does not appear to 
have been incorporated into any formal project document. 
 
Action: Incorporate the project-specific traceability requirements into an official project 

document. The Lead Auditor suggests the appropriate document to use is the 
quality assurance plan. 

 
3. Test & Inspection Specifications 

 
The project has issued a document entitled "Test & Inspection Specifications 5520-ES-
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368037". This document defines all the various specifications for the chambers and their 
sub-components. Part of the audit was to assess whether or not the details from 368037 are 
appropriately defined in the travelers. It was noted that the requirement in 2.3 of 368037 
appears to be measured in step 8.2 of traveler TR-333357. However, no limits are described 
in the traveler, and so the Technician would need to go to 368037 to know whether or not 
the result is acceptable. 
 
Action: Confirm that all the specifications in 368037 have been appropriately defined in 

the travelers, and that limits are included where needed. 
 
4. Traveler requirements 

 
It was noted that step 8.1 of TR-333355 calls for a feeler gage inspection, and the technician 
actually does a visual inspection. This step is still checked off as being done as written. 
 
Action: Reality should match what is written in the traveler. Either revise the traveler to 

reflect the visual inspection, or have the inspection performed as currently 
documented. 

 
 
Schedule for implementation of improvements 
 

This assessment was just completed, with the report issued on September 30 2002. As 
a result we have not created a schedule for implementation of the improvements at this 
time. 

 
 
Status of improvements from previous assessment  
 

N/A 
 
 
Attachments (supporting data, worksheets, reports, etc.) 
 

The following documents are included as attachments to this report: 
 
"TD-2002-01 Audit Report" - Internal report summarizing the audit 
 
"TD-2002-01 Audit Plan" - Document which defined the audit plan 
 
"TD-2001-01 Audit Schedule" - Schedule of the audit 
 
"TD-2002-01 Checklist" - Completed checklist, indicating areas reviewed and results 
 
"Quality Assurance Plan" - The QA plan for the TD portion of the US-CMS project. 
 
"CMS Design Report" - Select portions of the CMS design report, specific to the CSCs 
 
"US-CMS Project Management Plan" - Select portions of the US-CMS PMP 
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"FY2002 Statement of Work" - SOW for FY2002 
 
"ME234/2 Configuration Sheet" - Record of configuration control 
 
"Failure Rate Specifications" - Results of the reliability calculations, translated into 

specifications for specific parts 
 
"FNAL Factory Responsibilities" - Document defining the responsibilities for everyone 

involved in the TD portion of the CMS project 
 
"Test & Inspection Specifications ES-368037" - Engineering Specification (ES) defining 

the various test and inspection criteria for 
the CSCs 

 
"CMS ME234/2 Traveler list" - List of all travelers used for the fabrication of CSCs 
 
"Completed travelers" - We reviewed a small sample of completed travelers. We chose 

to look at travelers for one chamber shipped to UF (ME234/2-
067) and one chamber shipped to UCLA (ME234/2-045). The 
travelers attached include: 

 
TR-333357 Anode Panel Routing (Gerber) for ME234/2-A-297 and ME234/2-A-311 
TR-333365 Anode Panel Winding for panels ME234/2-A-297 and ME234/2-A-311 
TR-333370 Chamber Assembly for ME234/2-045 and ME234/2-067 
TR-333479 Chamber Capacitance for ME234/2-045 and ME234/2-067 
TR-333255 Chamber HV Training for ME234/2-045 and ME234/2-067 
TR-333256 Chamber Packing/Shipping for ME234/2-045 and ME234/2-067 
 
"Discrepancy Report trending charts" - Charts showing the trending analysis done on 

production defect data 
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TD-2002-01 CMS Production 
 

Audit Report 
September 23, 2002 

 
Introduction: 
 
The Technical Division's responsibilities in the US-CMS project include the detailed design of 
all cathode-strip-chambers (CSC), the fabrication of all CSC panels, the fabrication of all 
ME234/2 chambers (without electronics), the shipment of the completed ME234/2 chambers 
to the US FAST sites (where the electronics are installed) and the shipment of all other 
chamber parts to overseas fabrication sites (i.e. China and Russia).  
 
MP9 is the facility where the ME234/2 chambers are assembled. It went on line for 
production chambers in June 2000. As of August 2002, 110 ME234/2 chambers were 
completed in MP9, and 67 were shipped to the FAST sites. Production of 148 chambers is 
scheduled to be completed by spring of 2003. 
 
The scope of this assessment was the design, fabrication and shipment of ME234/2 chambers. 
The goal of the assessment was to verify implementation and effectiveness of the quality 
assurance system. The purpose of the assessment was to determine whether or not: 

1. the system, as designed and documented, has the potential to fulfill the stated need; 
2. the system, as implemented, actually fulfills the stated need. 

 
Auditors: 
 
• Jamie Blowers, Quality Assurance Manager *1 
• Ted Beale, Quality Control Supervisor *1 
 
Participants: 
 
• Giorgio Apollinari, Manager for Fermilab Factories (L4) *1 
• Nelson Chester, Project Engineer *1 
• Glenn Smith, MP9 Production Manager *1 *1 indicates attendance at 

opening and closing meetings
 
*2 indicates attendance at 
opening meeting 

• Jeff Whittenkeller, MP9 Production Lead *1 
• Bob Jensen, Process Engineering Lead *1 
• Pam Isham, Traveler Coordinator *1 
• Wendy Travnick, Scanning Clerk 
• Helen Szuba-Jensen, MP9 Technician 
• Tina Kelly, MP9 Technician 
• John Zweibohmer, Acquisition Lead *2 
• Linda Alsip, Acquisitioner 
• Doug Kelley, IB4 Operations Lead 
• Scott Doerr, Lab 8 Technician 

http://tdserver1.fnal.gov/users/mc/blowers/QA_Program/TD/Audits/2002/TD-2002-01_CMS/report.doc 
30-Sep-2002 Page 1 of 3 



Summary: 
 
Overall the assessment results are very positive. It is clear that this project was very well 
thought through before operations began, and that much learning and improvements have 
been made as the project has progressed. Everyone interviewed had a clear understanding of 
their responsibilities and how to do their work. It should also be noted that morale was very 
high within the project, particularly in MP9. The Lead Auditor feels there is a direct 
connection between morale and quality, and so he places a high value on the level of morale. 
 
Feedback mechanisms are setup, either formally or informally, throughout the project. There 
are communication channels between each step in the process, therefore feedback is provided 
to correct problems when necessary. This is a rather large undertaking, and was new work for 
the Technical Division to become involved in (TD has historically only been a "magnet 
factory", and so making these chambers was new to the Division). The project is on schedule, 
and within budget, and it appears to be working like a well-oiled machine at this point. 
 
Notable practices include the cross training of all MP9 technicians on all MP9 operations, the 
use of the OnBase scanning system to digitally archive production records, and the high level 
of morale in MP9. 
 
The end result, so far, is that the chambers are doing what they are designed to do. None have 
yet been installed in the detector, but their functionality has been validated through cosmic ray 
testing both at Fermilab and at the FAST sites.  
 
Below are a few action items which the auditors ask the project leaders to address (more 
details can be found in the attached checklist, in the sections marked "Minor Issue"). Since 
these are minor issues, they do not have a large impact on the overall project, and should be 
easy to clear up. 
 
In summary, we conclude that the quality system, as designed and documented, has the 
potential to fulfill the stated need, and the system, as implemented, actually fulfills the stated 
need. All personnel involved in making this happen should be congratulated. 
 
Comments: 
 

1. Calibration: 
 

Calibration, although mostly satisfactory, did have some issues. There were some pieces 
of equipment which either had expired calibrations, or no labels stating the calibration 
status. Project management was aware of some of the problems, but there were others 
which were not known until the audit. Specifically, there was a label on a Fluke 
multimeter in MP9 (S/N 74341043) which had all its information rubbed off, and the 
gages in Lab 8 did not appear to have any calibration identification on them at all. 
 
Action: Correct the calibration label on the Fluke multimeter in MP9. 
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Action: Review the calibration status of all gages in Lab 8. As needed, have them 
calibrated and identified as such. 

 
Action: Remind the Technicians that part of the fabrication and testing process is to 

ensure that only properly calibrated gages are to be used. This means that they 
should be aware of the calibration status of every gage they use. 

 
2. Traceability 
 
According to the TD Quality Management Program (policy document TD-2010), 
lot/batch/serial numbers of the parts going into a unit are recorded in the traveler. The 
project has decided that only minimal traceability is required (i.e. the panels and the wire). 
All other parts are not traceable back to the manufacturer. It is understood that this was a 
conscious decision, based on finances and risk. However, this decision does not appear to 
have been incorporated into any formal project document. 
 
Action: Incorporate the project-specific traceability requirements into an official 

project document. The Lead Auditor suggests the appropriate document to use 
is the quality assurance plan. 

 
3. Test & Inspection Specifications 

 
The project has issued a document entitled "Test & Inspection Specifications 5520-ES-
368037". This document defines all the various specifications for the chambers and their 
sub-components. Part of the audit was to assess whether or not the details from 368037 are 
appropriately defined in the travelers. It was noted that the requirement in 2.3 of 368037 
appears to be measured in step 8.2 of TR-333357. However, no limits are described in the 
traveler, and so the Technician would need to go to 368037 to know whether or not the 
result is acceptable. 
 
Action: Confirm that all the specifications in 368037 have been appropriately defined 

in the travelers, and that limits are included where needed. 
 
4. Traveler requirements 

 
It was noted that step 8.1 of TR-333355 calls for a feeler gage inspection, and the 
technician actually does a visual inspection. This step is still checked off as being done as 
written. 
 
Action: Reality should match what is written in the traveler. Either revise the traveler 

to reflect the visual inspection, or have the inspection performed as currently 
documented. 
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TD-2002-01 CMS 
 

Audit Plan 
      
Scope: ME234/2 chambers (includes design, procurement, inspection, fabrication, 

shipping) 
 
Goal: Verify implementation and effectiveness of the quality system. 
 
Auditors: Ted Beale, Jamie Blowers 
 
Date: September 12, 2002 
 
Background: 
 
The fabrication of ME234/2 cathode strip chambers (CSC) for the Compact Muon Solenoid 
(CMS) project is a large project within Technical Division. Fabrication of production devices 
began in June 2000, and as of June 2002 92 chambers were completed. Production of 148 
chambers is scheduled to be completed by spring of 2003. 
 
This audit is intended to be focused more on diagnosis than compliance. We would like to 
determine whether or not: 

1. the CMS quality system, as designed and documented, has the potential to fulfill 
the stated need; 

2. the quality system, as implemented, actually fulfills the stated need. 
 
The process to conduct the audit will include: 

1. Reviewing the current QA plan and assessing whether or not the designed system 
can fulfill its purpose; 

2. Reviewing records; 
3. Tracing a sample of chambers backwards through the production process; 
4. Interviewing project personnel. 

 
Questions: 
 
1. How does TD know what its requirements are (e.g. WBS, MoU, SoW)? 
2. How do we know that the CSCs are meeting the design requirements (e.g. can we 

connect requirements in the CSC design to production/testing)? 
3. What is your role? 
4. How does your role fit into the entire production process? 
5. In your own words, can you describe the purpose of the work you are doing? 
6. Can you show me what you do? 
7. How do you know that the outcome of your work is sufficient? 
8. What do you do if you have a problem? 
9. How does your work affect other people involved with the project? 
10. What could be done to make things better? 
 
An audit report will be generated and published approximately 5 days after the audit is 
completed. 
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TD-2002-01 CMS 
 

Audit Schedule 
 

      
Task Duration Date Time 
    
Interviews (Lab 8): 

• Phyllis Deering, Bob Jensen 
 

30 min. September 11 9am 

Opening meeting (MP9): 
• Meet with everyone to review audit 

purpose and schedule. 
 

15 min. September 12 8:30am 

Interviews (MP9): 
• Glenn Smith, Pam Isham, 

technicians (possibly Giorgio 
Appolinari & Nelson Chester). 

 

2 hours September 12 8:45am 

Interviews (IB2): 
• Bob Jensen, Wendy Travnick 

 

45 min. September 12 11:00am 

Lunch 
 

1 hour September 12 12pm 

Interviews (IB2): 
• Giorgio Appolinari, Nelson Chester 

 

60 min. September 12 1:00pm 

Interviews (IB4 - Jamie): 
• Doug Kelley, Inspectors 

 

60 min. September 12 2pm 

Interviews (ICB - Ted): 
• Linda Alsip 

 

30 min. September 12 2pm 

Audit team meeting 
 

45 min. September 12 3:00pm 

Closing meeting (MP9): 
• Meet with everyone to orally present 

audit findings. 
 

20 min. September 12 4:00pm 
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TD-2002-01 CMS ME234/2 - Audit Checklist 

Page 1 of 6 

Reference Criteria 
Results 

Fully     Minor    Major 
Sat  Issue      Issue 

Comments

 

QA plan: 1.2   3) Deliver compliant chambers to fast 
sites; 
- How do you assure that the 
chambers will arrive in good 
condition? 
- What feedback do you receive 
from the fast sites? What do you do 
with the feedback? 
- Shipping specifications? 
- Packaging specifications? 
- Other specifications? 

   Quality is assured through the definition of the 
Shipping Requirements document and the use of 
the Shipping Traveler (TR-333256). “Pre-shipping 
Checklist” is used to make sure that everything is 
done appropriately. 
The FAST sites communicate with FNAL when 
there is a problem with the shipment. One such 
example was when it was discovered that the 
method of strapping the crates together did not 
provide enough rigidity, and so improvements were 
done to the strapping process (add more straps to 
each end). 

QA plan: 8.2 Cosmic ray test; 
- number of chambers; 
- what is done with the results? 

   Giorgio said that 15 chambers were tested early on 
in the project, and that the testing confirmed that 
the chambers were working. The FAST sites do a 
similar test on all chambers after they install the 
electronics. 

QA plan: Attachment 
IV; 
QA plan: section 5; 
5520-ES-368037 

MP9 operations; 
- Fabrication: 

- Travelers; 
- How are travelers managed 
(i.e. created, issued, 
revised)? 

- Training; 
- Traceability; 

- kits; 
- Inspection & Testing: 

- Travelers; 
- verify that all 
requirements in 368037 are 
included; 

- Training; 
- Traceability; 

   Travelers are issued to production by Processing 
Engineering (PE). Production communicates with 
PE regarding production schedules, and PE issues 
travelers and parts kits accordingly. There are no 
problems at present with this process. 
 
All MP9 technicians are trained on-the-job in the 
processes done in MP9. Training records are 
maintained which identify which techs are trained 
on which process. As a matter of rule, all 
technicians are cross-trained on all operations to 
allow for the most flexibility. 
 
Regarding the proper use of travelers, every sample 
looked at was in very good shape (i.e. proper 
signatures, dates, order of sequence). We looked at 
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Reference Criteria 
Results 

Fully     Minor    Major 
Sat  Issue      Issue 

Comments

 

- Test status; 
- Calibration; 

 
 

the following in-process travelers: ME234/2-115 
333255, ME234/2-116 TR-333370, ME234/2-A-
253 TR-333365, ME234/2-A-238 TR-333367, and 
ME234/2-A-257 333361. 
 
Traceability is maintained only on panels and wire. 
All other parts are not traceable back to the 
manufacturer. This is counter to the “normal” way 
of business within TD, but was a decision made by 
the Project early on. Risk of not having traceability 
was thought to be minimal, and so it was removed 
as a project requirement. This decision does not 
appear to be captured in any formal way. 
 
We took a sample of specifications defined in 
368037, to verify if they were called out in the 
travelers: the requirement in 2.3 in 368037 appears 
to be measured in 8.2 of TR-333357, but there is no 
specification in the traveler stating the acceptable 
limits. 
 
Test status is known through the traveler. The 
traveler stays with the panel/chamber through its 
time in MP9, and each panel/chamber is uniquely 
identified. If a panel/chamber does not have a 
special tag on it, it is assumed to be good (i.e. 
special tags are placed on bad panels/chambers). 
 
We looked at a sample of equipment for 
calibration. For the most part everything was 
clearly identified with an up-to-date calibration 
sticker. There were 2 PREP power supplies with 
past-due calibrations, and 1 PREP power supply 
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Reference Criteria 
Results 

Fully     Minor    Major 
Sat  Issue      Issue 

Comments

 

without a calibration sticker (power supplies used 
for the HV training). CMS management was 
already aware of the problem, and had been 
working with PREP to acquire new (calibrated) 
supplies. A Fluke multimeter (S/N 74341043) was 
found (in the chamber assy area) with a CAL-LABS 
sticker which had it’s information completely 
rubbed off. Further investigation found that the 
meter was under proper calibration. 

QA plan: Attachment 
IV; 
QA plan: section 5; 
5520-ES-368037 

Lab 8 operations; 
- Cutting/Machining: 

- Travelers; 
- Training; 
- Traceability; 

- kits; 
- Inspection & Testing: 

- Travelers; 
- verify that all 
requirements in 368037 
are included; 

- Training; 
- Traceability; 
- Test status; 
- Calibration; 

   Due to special circumstances, the only part of Lab 8 
we were able to review was the panel cutting 
process (it should be noted Lab 8 operations are 
done under the Particle Physics Division). For the 
most part, operations looked OK. PE issues 
travelers to Lab 8 to keep production running. Lab 
8 uses the travelers, although some of the steps are 
filled out before the work is completed. It was also 
noted that step 8.1 of TR-333355 is not being done, 
but is being signed off. The Technician spoke with 
Giorgio about this (a while ago) and it was never 
really taken care of. The step calls for a feeler gage 
inspection, and a visual inspection is done instead. 
The traveler we looked at was for ME234/2-A-456. 
 
The Lab 8 Technician does weekly maintenance on 
the Axxiom machine. There are no indications that 
testing/measuring equipment is being calibrated 
(there aren’t calibration labels on any of the devices 
used for test/measurement). 
 
The end result is that MP9 receives these panels 
(after cutting and routing) and any issues are 
reported back to Lab 8. The fact that no major 
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Reference Criteria 
Results 

Fully     Minor    Major 
Sat  Issue      Issue 

Comments

 

issues are surfacing indicates that the work at Lab 8 
is sufficient. 

QA plan: Attachment 
IV 

"Panel cleaning, Electrical Test"    Electrical test is part of a later traveler. 

QA plan: 8.2 Receiving inspection; 
- Traceability; 
- Training; 

   IB4 QC inspectors have been doing their job for 
many years. There is no issue when it comes to 
training. 
 
Some of the inspection requirements were defined 
by the Project Engineer and compiled in a book of 
prints. And although this book does not address all 
the details of doing the inspections, it was a good 
place to start. The Project Engineer always 
answered any questions regarding details. 
 
Traceability is maintained during this part of the 
process. Parts are “routed in”, and assigned a 
unique “routing form” (RF) number. This number 
traces the parts back to the PO and date of receipt. 
Any “quality control reports” (QCR) issued are 
linked to the RF number. 

QA plan: 1.3   [2] Parts kits; 
Process Engineering: 

- How are kit lists created? 
- How are kit lists issued? 
- How do you know that the 
kit lists are accurate and 
complete? 

Material Control: 
- How are kits created? 
- How are kits issued? 

   Kits lists are created off the approved and released 
drawings. Mainly the BOMs are used, but the parts 
are also cross-checked with developing the 
travelers. Parts kits are issued to Material Control 
to be filled. They are issued based on the 
production schedules. Material Control creates the 
kit, and sends the parts (and form) to MP9. The 
Traveler Coordinator “checks in” the kit by 
confirming that all requested parts are accounted 
for. Any discrepancies are immediately dealt with 
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Reference Criteria 
Results 

Fully     Minor    Major 
Sat  Issue      Issue 

Comments

 

- How do you know that the 
kits are accurate and 
complete? 

and corrected. The final test for know that the kits 
are accurate and complete is by building chambers. 
The fact that there are no reported issues regarding 
missing parts indicates that the parts kits are 
accurate and complete.  

QA plan: 7.3 Procurement; 
- How do you know what to buy? 
- Review drawings and technical 
specifications; 
- Vendor oversight, what did this 
entail? 

   A Purchase Release (PR) or Engineering Release 
(ER) is generated to inform Acquisitioner what to 
purchase. The drawings used to procure parts must 
match the revision(s) indicated on the PR/ER.  
 
Vendor visits are performed for critical parts to 
assess the production status (i.e. on schedule and 
without problems) 
Process is straightforward and clearly understood. 

QA plan: 6.0; 
EMU Design 
Handbook section 
4.1.2.1 

Design; 
- How do you know that are making 
meets the customer requirements? 
- How are the customer 
requirements defined? 
- How was the design validated 
against the requirements? 
- How are design changes handled? 
- How are drawings managed? 
- What has been done regarding 
product reliability? 

   CMS Design Handbook was issued prior to TD 
involvement. The Handbook, along with input from 
the conceptual designers, was translated into a 
production design (output was released drawings 
and specifications). The design was reviewed 
during the Production Readiness Review. 
Engineering Design Reviews were done at CERN, 
and they focused on interfaces. Giorgio/Nelson did 
reliability calculations to define lifetime 
requirements for the electronic parts installed at 
TD. Prototype chambers were fabricated with 
production-type tooling. Fifteen chambers were 
tested on the cosmic ray stand here at Fermilab. All 
chambers are being tested on a cosmic ray stand at 
the FAST sites after all electronics have been 
installed. Drawings are managed through DCS, and 
copies are placed on the network for people to 
access over the internet. Configuration management 
is in place (i.e. there is a formal sign-off when the 
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Comments

 

configuration is set, and changes which affect 
design or interfaces are dispositioned by L2/L3 
managers). 

QA plan: 3.0 Quality Improvement; 
- What is being done to improve 
quality? 

- QCR reviews; 
- DR reviews; 

   Examples of Discrepancy Report (DR) trending 
provided. Quality Control Report (QCR) trending 
had been done earlier in the project. 

QA plan: 4.4.2 Records; 
- How are records managed? 

- Production records; 
- Inspection records; 

- What records are deliverable to the 
customer? 

   All inspection records are going into the travelers. 
Electronic files are placed on the network. 
 
There is a clear process for completing the 
production & inspection records. When completed, 
all records are scanned and entered into the OnBase 
database in electronic format. Crosschecks have 
been implemented to verify that all of the required 
documents are scanned error free (i.e. the quantity 
of pages scanned must be in agreement with the 
quantity indicated on the Traveler). Person 
responsible for entering records has a thorough 
understanding of the process.  
The original Travelers are currently being retained 
at MP9. 
 
Right now hard copies of the Chamber Assy and 
Chamber Electrical Testing go with the chambers 
to the FAST sites. CMS at CERN has not defined 
any records requirements. All CMS production 
records are available over the internet via OnBase. 
“High level” drawings (e.g. assy drawings) are 
going to be loaded into EDMS at CERN. 
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Purpose

The purpose of this Quality Assurance Plan is to describe Fermilab’s effort on the Cathode
Strip Chamber portion of the Compact Muon Solenoid Project. This document is formatted
following the criteria defined in DOE O 414.1A Quality Assurance, and the Technical Division
Quality Management Program, TD-1.

Each section of this document begins with a policy statement for the Technical Division. The
CMS-CSC Project adheres to the TD policies, unless otherwise stated.

Scope

The description and requirements in this plan are generally applicable to all activities included
in the CSC portion of the CMS Project. All the detailed requirements that are specified in the
TD Quality Management Program are not repeated here. The CMS Project Management has
assigned the responsibility for execution of the CSC Project to the Technical Division.
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1.0 Program

1.1 Policy

The policy of the Technical Division is to develop, document, and maintain it's
quality management program, so that the Division may satisfy the needs of its
customers.

1.2 Mission

The mission of Fermi National Accelerator Laboratory is:

“Advancing the understanding of the fundamental nature of matter and energy
by providing leadership and resources for qualified researchers to conduct basic
research at the frontiers of high energy physics and related disciplines.”

The mission of the Technical Division is:

“The development, design, fabrication or procurement, and testing of accelerator
and detector components.”

The mission of the Cathode Strip Chamber Project at Fermilab is to:

1) Design, build, and test Cathode Strip Chambers;
2) Prepare component kits for assembly by other collaborating

institutions;
3) Deliver compliant chambers to US Fast Sites for electronics

integration.

1.3 Objectives, Goals and Functional Responsibilities

[1] To design and fabricate required detectors for the CERN LHC.

The Engineering & Fabrication Department is responsible for the design
of the manufacturing tooling and the chambers that are required in this
project.

[2] To procure, inspect, inventory, and deliver the various materials needed
for this project.

The Material Control Department is responsible for these functions. The
Engineering & Fabrication Department interfaces with the Material
Control Department and other groups, as required, to assist the
procurement section of Fermilab in procuring the needed material.
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Inspection of the procured materials will be required. See section 8.0 for
details. The storage and inventory of the components for the chambers
may be required in some cases.

[3] To test the chambers.

All the detectors that are to be fabricated will be tested for functionality.
See section 8.0 for specifics on Inspection and Acceptance Testing.

[4] To oversee the scheduling of milestones, to budget and control cost, and
to report to the Level 3 manager timely status reports, as required by the
project office.

These functions are assigned to the Fermilab CSC Site Manager & CSC
Project Engineer, who are assisted by their staff and other project
personnel. This includes reporting on the resource requirements and
status of the project to the Technical Division Head.

[5] To create and maintain a Quality Assurance program.

Although quality is the responsibility of every Fermilab employee, the
task of creating and maintaining the QA program is assigned to the
Quality Assurance Officer.

[6] To perform the required material development for this project.

This task has been assigned to the Material Development Laboratory in
the Engineering & Fabrication Department, on an as-needed basis.

[7] To provide a qualified staff for the performance of this project and to
provide the needed laboratory work space.

This function is the responsibility of the Technical Division Head, acting
on input supplied by the CSC Site Manager & CSC Project Engineer.

1.4 Organization Structure

Attached is the organizational chart for the CMS-CSC Project (see Attachment
I). The organizational structure/responsibilities for collaborative groups, i.e.
Universities of Florida and Wisconsin, are defined using Memorandums of
Understanding (MoU's) and Statements of Work (SoW's). The signed approved
original MoU’s and SoW's are maintained by the US-CMS project office.
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Although the CMS Project is conducted as a collaborative team effort, the
CMS-CSC Project Manager has ultimate responsibility for the completion of the
project.

Clear and frequent communication is always encouraged among the project
participants, and is critical to the success of the CMS-CSC Project. Informal
communication via notes, phone calls, electronic mail, and informal discussions
are exchanged frequently between the participants. This information flow
encourages the exploration of the viability of plans and solutions, and allows for
the resolution of any issues that arise. Although it is not a project requirement,
the distribution of copies of informal correspondence to all participants is
desirable to keep everyone apprised of the most current information available.

Management’s systems for performing and assessing adequacy of work on the
CMS-CSC's, including activities that relate to planning, scheduling, and cost
control are described in detail in the following documents:

1. CMS Project Management Plan
2. Technical Division Quality Management Program
3. Technical Division Self-Assessment Program

1.5 Roles, Responsibility, and Authority

1.5.1 Project Site Manager, CSC Project

•  Project Site Manager is responsible to the CMS Level 3 Manager for
delivering acceptable chambers and chamber kits.
♦  Manage the third level of the WBS for detectors with accepted

Fermilab practices.
♦  Record control account and schedule status on a timely basis.

•  Represent the detector project to the collaborators and L3 and above,
providing them, as required and funded, with resources, e.g. staffing,
space, machine shop priority, et cetera.

•  Ensure that requirements and specifications are provided to
appropriate Technical Division groups on a timely basis.

•  Implement the QA Plan.
•  Assure the quality of the delivered products.

1.5.2 Engineering and Fabrication Department Head

Responsible for providing support, oversight, direction, and feedback to
project managers.
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1.5.3 Quality Assurance Officer

•  Responsible for the creation and maintenance of the Quality
Assurance Plan.

•  Responsible for providing support to the CMS-CSC Project staff
throughout the project.

1.5.4 Technical Division Head

Provide support to project personnel, and aid in solving problems that
cannot be solved on a lower level.

1.6 Organizational Interface

1.6.1 CMS Project Office/TD-HQ

•  Communicate project status when changes occur and periodic, e.g.
monthly, reports.

•  Determine staffing requirements for CMS-CSC Project within TD
•  Resolve resource allocation issues, e.g. draftsman assignments,

machine shop priorities, and space allocation.

1.6.2 CMS Project Office/Fermilab Business Office

•  Procurement representative will attend weekly CMC-CSC
design/fabrication meeting with CMS Project Managers and TD

1.6.3 CMS Project Office/Level II and Level III Managers

•  Develop requirements and specifications to fulfill the goals of the
CMS Project. The CMS Project Manager will approve requirements
and specifications. Attachment III defines this interface.

•  Conduct weekly meetings with Fermilab Business Manager and
CMS Project Manager to discuss issues and procurement status
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2.0 Personnel Training and Qualifications

2.1 Policy

The policy of the Technical Division is to hire and maintain personnel who
posses the appropriate level of skill, experience, and academic qualifications to
support the achievement of the CMC-CSC’s mission.

2.2 Training

In-house training is provided to ensure that an appropriate level of skills,
knowledge, expertise, and experience are available to accomplish the stated
mission and objectives.

Training may come from several sources such as mentoring provided by
physicists, engineers, supervisors, lead personnel, consulting firms, technical
operating manuals, and other sources. Job-related training records of all
assigned personnel, for work related to the CMS Project, are maintained by the
respective supporting organization.

2.3 Qualifications

Qualifications for personnel working on the CMS are based upon the
responsibilities of the position and project needs, which define the level of
education, extent of work experience, knowledge and specific skill
requirements.
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3.0 Quality Improvement

3.1 Policy

The policy of the Technical Division is to continuously improve in all areas and
activities for which it is responsible.

3.2 Quality Implementation

•  This document is the guide for the development and implementation of
quality assurance for the CMS-CSC Project, and is used to support the
achievement of the stated mission and performance objectives. This
document further ensures that appropriate procedures are in place that
describes the extent and method of how the quality requirements will be
implemented.

•  It is the intent of the CMS Project Manager that all activities be performed at
a level of quality appropriate to achieving the scientific, technical,
operational, and administrative objectives.

3.3 Quality Responsibilities

•  All personnel performing a function at Fermilab are responsible for quality
and are encouraged to promptly report conditions adverse to quality such as
deviations, deficiencies, failures, defective items or processes, and
nonconformances, to the appropriate level of management.

•  Personnel closest to the daily operation or activity are in the best position to
understand and report nonconforming conditions, and are encouraged to
participate in quality improvements to meet the needs of the customer and to
achieve the objectives of the project mission.

•  Strong emphasis is placed on line supervision leadership, accountability, and
the implementation of quality tools at the line level.

•  Management is responsible for providing the necessary resources for
conducting root cause analysis and for implementing corrective and
preventive actions.

3.4 Performance Cause Analysis

3.4.1 Supplier Performance

Supplier performance problems are identified and reported through the
mechanism of Quality Control Reports (QCRs), generated by the
Material Control Department's Incoming Inspection group for items such
as incoming parts, assemblies, and supplied purchased hardware. These
reports are reviewed and approved by the responsible authority/physicist
(or designee) of the area or activity in which they will be used and by the
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Material Control Department Head (or designee). The review will cover
problems that may have significant programmatic effect or risk factors
affecting cost, schedule, ES&H (personnel safety), or configuration. The
appropriate disposition is given, i.e. scrap, return to vendor for
replacement, rework at vendor, rework in house, or use as is.  These
reports are reviewed for supplier performance problems or trends and are
used as a basis for cause analysis and necessary corrective action.

3.4.2 Work Process Performance

Discrepancy Reports have been developed and implemented to
document problems during assembly or fabrication such as deviations,
deficiencies, failures, defective items/materials or processes,
malfunctions, trends, and/or non-conforming conditions.

The responsible authority of the activity or area of occurrence reviews
these discrepancy reports for technical evaluation, cause determination,
disposition, and corrective/preventive action recommendation.

Process Engineering performs a review of these reports to ensure that
reports are completed properly and that preventive action is adequate;
the QA Manager may also recommend follow up corrective/preventive
action or verification/validation as required. These discrepancy reports
are used as a basis for trends, cause analysis, and/or lessons learned.
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4.0 Documents and Records

4.1 Policy

The policy of the Technical Division is to maintain adequate documentation and
records to ensure quality requirements are met, while recognizing the objective
of minimizing paperwork and cost.

4.2 Controlled Documents

4.2.1 Controlled documents are created, implemented, and maintained at a
level commensurate with the level of work being performed and as
dictated by sound quality assurance practices.

4.2.2 The TD maintains the following documents under document control:

•  CMS-CSC Quality Assurance Plan
•  Released Engineering Drawings and Technical Specifications
•  Quality Control Travelers

4.3 Documents and Records Responsibilities

4.3.1 Quality Assurance is responsible for the release, revision, and
distribution of the CSC QA Plan.

4.3.2 The Engineering and Fabrication department is responsible for the
control of documents and data pertaining to engineering specifications,
engineering procedures, drawings, and Quality Control Travelers; and
for the control of documents and data regarding CSC testing.

4.3.3 The Material Control Department is responsible for the control of
documents and data associated with the procurement of materials for the
assembly of the chambers.

4.4 Documents and Records Procedures

4.4.1 All controlled documents:

1. Are reviewed and approved by authorized personnel prior to being
issued/revised.

2. Have a revision history maintained.
3. Are available to all personnel who need access.

4.4.2 All records are maintained in accordance with the Fermilab Records
Management Program (based on DOE Order 1324.5B).
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5.0 Work Processes

5.1 Policy

The Technical Division’s policy is that work processes be well thought out,
appropriately documented and reviewed, and that they be carried out by
competent and effective workers.

5.2 Responsibility

5.2.1 The CSC Project Site Manager’s responsibility, as defined in 1.5.1,
includes administering, planning, organizing, and controlling the CSC
Project to meet the project technical, cost, and schedule objectives. In
particular, the CSC Project Site Manager strives to encourage effective
human resource management with the goals of hiring and maintaining an
efficient and effective work force.

5.2.2 The individual CSC worker is the first line in ensuring quality. They are
responsible for following the procedures defining the assembly and
quality control checks in the fabrication of the chambers, i.e. Quality
Control Travelers. They also have the authority to report any possible
nonconformities to management, and may participate in cause analysis
and continuous improvement.

5.2.3 The Department Heads are responsible for ensuring that people who
assigned to tasks have the appropriate academic qualifications,
professional certifications, or skills and experience to carry out the work
successfully.

5.2.4 The CSC Project Site Manage, the CSC Project Engineer, and other
project staff, as appropriate, are responsible for planning, authorizing,
and specifying (to an appropriate level of detail), the conditions under
which work is to be performed. This includes the calibration of
measuring and test equipment (see section 8). This group also specifies
which work is sufficiently complex or involves sufficient hazard to be
performed to written procedures.

5.2.5 The Engineering & Fabrication Department is responsible for the
inspection and test status, identification and traceability, and for the
creation and maintenance of the QCTs for the chambers (see 5.4).

5.2.6 The Material Control and Engineering & Fabrication Departments share
responsibility for the handling, storage, and preservation of chamber
components and completed chambers.
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5.3 Production Process Control

Attachment IV defines the workflow for the fabrication of the chambers.

The EF Department Head, in conjunction with the CSC Site Manager and CSC
Project Engineer, is responsible for ensuring that production processes are
carried out under controlled conditions. When planning the production
processes, the following are considered:

•  All applicable government safety and environmental regulations
•  Use of QCTs (or other such work instructions) to document the methods

of production. These should be used when the absence of such
procedures could be adverse to quality.

•  Defining suitable equipment and work environment to ensure quality.
•  Defining suitable maintenance of equipment to ensure continuing

process capability.
•  Defining the criteria for workmanship in the clearest practical manner.

Examples of this are work instructions that document tolerances for
process parameters, samples or pictures of "quality" product, samples or
pictures of poor quality or failure modes to look for.

•  Level of education and experience required for production operators.
•  Training needs for production operators.

5.4 Quality Control Travelers (QCT's)

A system of Quality Control Travelers is used to define the sequence of
fabrication, inspection, and testing to be performed for the chambers.
Witness/Hold points are designated in QCT's at a turning point or important
juncture of the fabrication. QCT's provide for sign-off by qualified personnel
and are dated at the completion of each fabrication sequence, welding operation,
and inspection/test procedure by designated inspection/test personnel,
fabrication personnel, or welding personnel to assure completion, date
completed, and sequence of required operations.

Training of project personnel in the usage of QCT's is accomplished with a
"walk-thru". The "walk-thru" training is conducted and documented by Process
Engineering. The initial training simulates an actual operation (e.g. panel
winding) using the QCT in a step by step sequence. The goal of the initial
training is to familiarize all personnel with the proper usage of QCT's in general,
as well as to help everyone understand how the particular operation is designed
to be completed.

Subsequent training of QCT revisions may be accomplished by routing the
revised QCT to the appropriate personnel for signature, signifying that the
revised QCT has been read and understood.
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6.0 Design

6.1 Policy

The policy of the Technical Division is to ensure that designs perform as
intended. This is accomplished by incorporating sound engineering/scientific
principles and appropriate technical standards into designs.

6.2 Requirements

The CSC Project Site Manager and CSC Project Engineer implement the design
policy. The CMS Title I Design Report (the CMS design handbook) has been
independently reviewed in order to assure compliance with this policy.

The chambers fabricated at Fermilab must fulfill the requirements defined in the
CMS design handbook. Any changes to the chamber design, as defined in the
handbook, must be reviewed and approved by the appropriate level of
management (see section 8 of the US-CMS Project Management Plan, Project
Management System).

6.3 Drawings and Specifications

Formal drawings are generated and stored through the Engineering and
Fabrication Department, and these drawings are reviewed and approved by the
appropriate level of management.

6.4 Design Reviews

At appropriate stages of design, formal documented reviews of the design
results are planned and conducted. Participants at each review include
representatives of all functions concerned with the design stage being reviewed,
as well as other qualified personnel (this may include ES&H). These reviews are
completed in order to:

1) Identify potential problem areas or inadequacies;
2) Assess issues affecting safety and quality;
3) Initiate corrective/preventive actions;
4) Ensure that the design minimizes ES&H impact and satisfies all FNAL

ES&H policies and external codes.

Results from the reviews are used as a basis for verifying that design stage
outputs meet the design stage input requirements.
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6.5 Design Validation

Designs are validated through the testing of the complete prototype system (or
subsystem) during and after assembly, against the performance specifications.
This testing includes the utilization of a cosmic ray test stand.

6.6 Design Changes

Appropriate design controls are incorporated into the CSC project by using
configuration management. The change management mechanism, defined in
section 8 of the US-CMS Project Management Plan, is used by the CSC project.

Proposed changes that affect the life, performance, reliability, or integration
with other sub-systems, are reviewed and dispositioned by the Configuration
Control Group (L2 and L3 managers). In order for the new design to be
approved, the initiator must convincingly demonstrate that either the old design
is not adequate, or that the new design has superior performance and/or cost
advantage(s) over the old.
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7.0 Procurement

7.1 Policy

The Technical Division policy is to ensure that items and services provided by
suppliers meets the requirements and expectations of the end-users.

7.2 Requirements

The Fermilab contract with the DOE specifies a variety of management controls
to be applied to procurements and sub-contracts through the applicable DOE
orders, DOE Acquisition Regulations (DEAR), and Federal Acquisition
Regulations (FAR). To this end, all procurement activities are performed in
accordance with the Fermilab Procurement Policy and Procedures Manual and
the Fermilab ES&H Manual.

Only approved material will be used in the production of the CSC’s. The
Material Control Department has the responsibility of procurement for the
Technical Division and the CMS-CSC project.

7.3 Supplier Qualification and Selection

Suppliers are evaluated and selected on the basis of their ability to meet
subcontract requirements. These requirements are appropriately defined in
approved Engineering Drawings and Technical Specifications, and include
specific quality assurance requirements.

Topics that are usually evaluated include, but are not limited to:

•  Quality assurance program • Cost • Work history
•  Ability to meet all requirements • Financial solvency

7.4 Budget Authority

The Division Head, in conjunction with the budget defined by the CMS Project
Office, assigns expenditure level to individuals responsible for a specific work
package. Procurement of items and services that are above the stated
expenditure level require Division Head review and approval. Attachment II
defines proposed expenditure levels.
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8.0 Inspection and Acceptance Testing

8.1 Policy

The Technical Division policy is to ensure that all items, components, and
services meet the specified requirements. This is verified through the use of
inspection and acceptance testing.

8.2 Requirements

As defined in section 5.2.4, the CSC Project Site Manager and the CSC Project
Engineer define the types of work that require formal inspections and
acceptance testing. When an inspection or acceptance test is performed, the
characteristics and processes to be inspected or tested, the inspection techniques
to be used, the hold points, and the acceptance criteria are defined, as
appropriate.

Inspection and acceptance testing (to include receiving, in-process, and final)
are performed in accordance with proper training and/or written procedures.

The Material Control Department works with the CSC Project Engineer to
define and document receiving acceptance testing for incoming materials. The
Quality Control Traveler defines the testing during the assembly of the
chambers (in-process). The final inspection will include a sample of chambers
undergoing testing in a cosmic ray test stand.

Properly calibrated (traceable to NIST) and maintained measuring and test
equipment are used for all testing.

8.3 Records

To allow for traceability, adequate records are maintained for all inspections and
tests. These records include observations made, inspection/test results,
identification of the personnel conducting the inspection/test, date, and time.
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9.0 Management Assessment

9.1 Policy

The Technical Division’s policy is to regular assess the Division’s effectiveness
in meeting it’s objectives, goals, and compliance to orders and regulations. This
is accomplished using the Technical Division Self-Assessment Program.

9.2 Requirements

Technical Division management will evaluate the TD’s role in the CMS Project,
in order to ensure the Division’s continuing suitability in fulfilling the
requirements of the CMS Project.

9.3 Methods

Details from the TD Self-Assessment Program are not repeated here.
Assessments are made using formal and informal meetings and other
communications. Examples are:

•  Division Head meeting with Department Heads or other supervisory staff
•  Department Heads meeting with line supervisors and other lead personnel
•  Suggestions and recommendations from project personnel
•  Design Reviews & Production Readiness Reviews
•  Independent assessments (see Section 10.0)

9.4 Feedback

Information gathered during management assessments is used to provide
feedback to the CMS Project personnel. This information will allow project
personnel to make improvements and any necessary corrective/preventive
actions, so that the goals of the CMS Project may be met.
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10.0 Independent Assessment

10.1 Policy

The policy of the Technical Division is to utilize independent, i.e. third party,
audits to ensure the Division’s effectiveness in meeting it’s objectives, goals,
and compliance to orders and regulations.

10.2 Requirements

The CMS Project will be audited and evaluated by a third party, as needed. The
audit(s) are used to insure that the quality management system is effective in
achieving the stated mission.

In order to evaluate the quality management system on a regular basis, an audit
plan will be created and implemented by management. When performing the
audits competent technical personnel will be utilized as auditors. These auditors
are independent of the specific activities or areas being audited. Management,
having responsibility in the area audited, and to assure corrective action and
involvement of personnel of the specific areas of the audit, will review
documented audit results.

10.3 Responsibilities

The Quality Assurance Officer is responsible for coordinating independent
assessments and, as team leader and spokesperson, will provide leadership,
guidance, audit procedures, and audit plans.
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ATTACHMENT I

EMU Chambers Production
Supervision Lines @ FNAL

G. Apollinari

N. Chester

L1-L2 Managers

Chamber L3 Manag.

Glenn Smith
MP9 Supervisor

TD Technicians

FNAL Technical
Advisor

Physicists

On-site Physicists

Technical Board

Site Managers

J. Korinek
Lab8 Supervisor

PPD Technicians

EMU Activities

FNAL - PPD
Technical  Personnel

FNAL - PPD
Scientific  Personnel

FNAL  - TD
Factory Management

FNAL - TD
Technical  Personnel

Outside Institution
Scientific  Personnel

Supervision Line

Manag. Infor. Flow

B.Jones
Electrical Group

M. Crisler

Tech. Infor. Flow
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ATTACHMENT II

EMU Chambers Production
Commitment Authorization

PO Proposal

G. Apollinari

N. Chester

>100 k$

Glenn Smith
MP9 Supervisor

TD Procurement

J. Korinek
Lab8 Supervisor

Commitment Authorization

PO ProposalsL2-L3 Managers

Outside Institutions

On-site Physicists

L1 Managers

10-100k$

< 10 k$
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ATTACHMENT III

EMU Chambers Production
Drawings Approval

G. Apollinari

N. Chester

Drawing Approval

Drawings  Proposals

L2-L3 Managers

Technical Coord.

Integration Engineer

CMS Tech. Manag.

TD Drafting and
Engineers
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ATTACHMENT IV

Fermilab Plan
CMS Muon Chamber Production

Production Flow

MP 9

FAST SITES

PANEL VENDOR
QUALITY ASSURANCE 

OVERSIGHT
(Flatness / Thickness)

IB 4
RECEIVING INSPECTION

AND MATERIALS STORAGE

LAB 8
PANEL CUTTING, MILLING, 

DRILLING
(Axxiom & Gerber Machines)

QUALITY ASSURANCE TESTS & 
MEASUREMENTS

PANEL CLEANING,
ELECTRICAL TEST

ANODE PANEL
WIRE WINDING, GLUING,

SOLDERING

ANODE PANEL
WIRE TEST AND EVALUATION

CATHODE PANEL
GAP BAR ASSEMBLY

CATHODE PANEL
COMPONENT

HAND SOLDERING

ANODE PANEL
COMPONENT

HAND SOLDERING

ALL PANELS
IONIZED AIR CLEANING

CHAMBER ASSEMBLY
AND FRAME ASSEMBLY

GAS RTV
SEALING

HIGH VOLTAGE TRAIN 
AND FINAL TEST

OTHER INCOMING
COMPONENT PARTS

COSMIC RAY TEST AND
CHAMBER EVALUATION

PACKAGE FOR STORAGE
AND SHIPMENT

INVENTORY CONTROL 
AND PARTS MOVEMENT

PACKAGE AND SHIP 
COMPONENT KITS TO 

IHEP & PNPI

ANODE PANEL
HV ELECTRICAL

TEST
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Table 4.1.1
Chamber parameters.

Parameter ME1/1 ME1/2 ME1/3 ME2/1 ME3/1 ME4/1 ME234/2

Basic single plane parameters

full gas gap (2h), mm 6 9.5

wire diameter, µm 30 50

wire spacing, mm 2.5 3.16 3.16 3.12 3.12 3.12 3.16

Active area

width (top), mm 487 819 933 1254 1254 1254 1270
width (bottom), mm 201 511 630 534 617 685 666

length, mm 1505 1635 1735 1900 1680 1500 3215
Wires

wire tilt 25° 0°
wires per plane 600 528 560 620 550 492 1028

wires per wire group 11-12 11 12 5, 6 5, 6 5 16
wire group width, mm 27.5-30 35 38 16, 19 16, 19 16 51

wire group cap., pF 60-150 40-70 50-80 20-60 20-60 25-45 80-150
wire channels per plane 48 48 48 112 96 96 64

Strips

∆ϕ(single strip), mrad 2.96 2.33 2.16 4.65 4.65 4.65 2.33
width (top), mm 7.6 10.4 14.9 15.6 15.6 15.6 16.0

width (bottom), mm 3.15 6.6 11.1 6.8 7.8 8.6 8.5
gap between strips, mm 0.35 0.5

strip capacitance, pF 90-140 110 145 145 130 120 250
radial split of strips @η=2.0 none

strip channels per plane 2x64 80 64 80 80 80 80
HV

Operating HV [kV] ~3.0 4.1
HV segments per plane 1 or 2 2 3 3 3 3 5

Overall chamber parameters

Number of chambers 72 72 72 36 36 36 216

Planes/chamber 6
ϕ-coverage, degrees 10° 10° 10° 20° 20° 20° 10°

ϕ-overlap, strips 5 5 none 5 5 5 5
η-coverage 1.5-2.4 1.2-1.6 0.9-1.1 1.6-2.4 1.75-2.4 1.85-2.4 varies
η-overlap none

Length, mm 1680 1800 1900 2065 1845 1665 3380
Width (top), mm 613 1078 1192 1534 1534 1534 1530

Width (bottom), mm 311 740 859 751 835 903 895
Chamber thickness, mm 148 250

Chamber weight, kg ~60 150 160 190 180 160 276
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4.1.2 Special conditions and requirements

4.1.2.1 Reliability

Given the scale of the system, the primary concern is obviously its reliability. The system
must be designed so that, once commissioned, it will require a minimum of maintenance and
repairs. We have paid particular attention to wire strength and fixation, HV segmentation, gas
tightness, and chamber rigidity and stability.

4.1.2.2 Off-line spatial resolution: ϕ -coordinate

Detailed Monte Carlo studies have been performed to identify the required CSC spatial
resolution [4.4]. The optimization was done by requiring that the chamber spatial resolution
contribution to the precision of muon momentum measurement (standalone muon system) be
less or comparable to the contribution of multiple scattering. Muons with pT<100 GeV were
chosen as a reference since this range of momenta covers most of the plausible physics
processes. The outcome of the analysis is the 75 µm requirement for the ME1/1 and ME1/2
chambers and 150 µm for the others (both numbers refer to resolution per six-plane package).
Prototype results show that this goal is well within reach (see subsection 4.8.2.1).

4.1.2.3 Off-line spatial resolution: r-coordinate

To reconstruct the muon pT or p, one needs to know the radial position of hits. High
background rates impose an additional requirement on the maximum width of the anode wire
groups. Radial resolution also affects efficiency of finding a muon track in the tracker by tracing
it backward from the muon system. An additional constraint is wire group capacitance, which
should remain sufficiently small to ensure high precision of time measurements. Optimization
among all of the above requirements leads to the choice of wire group segmentation as specified
in Table 4.1.1. Wire group hits are read out in yes/no mode every 25 ns, and thus the radial
spatial resolution per plane is defined by the wire group width.

4.1.2.4 Magnetic field

The map of magnetic field shows that the ME1/1 chambers will have to operate in an axial
magnetic field ranging from 2.7 to 3.1 T. The effect of such a field cannot be fully compensated
by tilting the wires but can be minimized to an acceptable level. The ME1/2 chambers, on the
other hand, will be placed in a highly non-uniform field of up to 1.2 T which will inevitably
affect their resolution. However, their performance remains within our specifications despite
this deterioration. Some of the other chambers will also experience quite noticeable magnetic
fields. Discussion of how the B-field affects the CSC spatial resolution, and results of
prototype tests and simulation, can be found in subsection 4.8.2.2 and 4.9.

4.1.2.5 Background rates

Backgrounds and shielding issues are discussed in section 1.4. There are four major
sources of background hits:

• random hits induced by neutrons/gammas,
• punchthrough and pi/K in-flight decays,
• tunnel muons,
• e/m debris associated with energetic muons going through matter, e.g., calorimeter,

iron disks, etc.

The rate of random hits is largest and goes as high as 1000 Hz/cm2 in the bottom area of
the ME1/1 chambers. Although the rate per plane is very high, hits rarely penetrate more than a
few planes [4.5], so that this background can be suppressed by having multilayer chambers.
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Experimental results and simulation have shown that six-plane chambers with a requirement of
having 4 out of 6 planes hit will provide sufficiently robust performance (see sections 4.8.4 and
4.8.5).

The rate of punchthrough background reaches about 300 Hz/cm2 in the worst spots. The
danger of punchthrough is that the charged particles will get through the entire six-plane
chamber.

The rate of tunnel muons is in the range of a few Hz/cm2. Although this is relatively low,
the hits induced by these muons in the ϕ-coordinate view appear as if they were produced by
muons coming from the IP with infinite momentum. Thus this background is a primary concern
for the trigger. The capability of the chamber of pointing back to the IP (θ-angle) is of critical
importance for suppressing these fake triggers.

The last source of background (muon Bremsstrahlung) will compromise track
measurements with a few percent probability per station. If one requires high precision
measurement, this can reach almost 10% (for details see subsection 4.8.4). It is worthwhile
mentioning that this background is associated with real muons themselves and is therefore
luminosity independent.

4.1.2.6 Aging

High hit rates up to 1000 Hz/cm2 raise a question of chamber aging due to gas
polymerization on wires or cathodes. The baseline operational point corresponds to a charge per
avalanche of about 100 fC, as seen by the fast cathode pre-amplifiers, which have a shaping
time of 100 ns. This corresponds to about 1 pC total charge released in an avalanche. Assuming
that one year of LHC operation corresponds to 3⋅107 seconds, one immediately estimates that
the total accumulated charge on wires in 10 years of operation at the full LHC luminosity will be
0.1 C/cm. The results of aging tests (see subsection 4.8) show that this number results in a very
good safety margin, provided that CF4 gas is present in the mixture.

4.1.2.7 Trigger: r-coordinate and timing

A track stub in the wire readout side of a CSC is recognised when at least 4 planes have
hit wire groups which line up in a pattern consistent with a track pointing back to the IP. The
time measurement from a single plane has a spread exceeding the 25 ns window and, therefore,
a single plane cannot provide a reliable bunch crossing identification. However, one can take
advantage of multiple planes in a chamber: prototype tests show that by taking the second or
third earliest hit out of six hits in a pattern, one can achieve a very high efficiency in tagging the
bunch crossing (see subsection 4.8.5). The earliest hit out of six also has a very narrow
distribution, but this scheme would be very vulnerable to random hit backgrounds. Once all
four local track stubs found in chambers are linked to form a muon track, one can take the most
frequent bunch crossing ID (out of the four linked stubs) as the bunch crossing ID for the track.
In this scheme, one obtains the correct bunch crossing assignment more than 99% of the time,
if the individual chambers provide the correct identification with 92% probability or better. This
goal is well within the CSC reach (see subsection 4.8.3 and 4.8.5).

4.1.2.8 Trigger: ϕ -coordinate precision

Trigger rates simulation shows that one needs to have about 30% momentum resolution at
the L1 trigger up to pT of around 50 GeV. This ensures sufficient sharpness of the trigger turn-
on curves and thus makes it possible to control the trigger rate, should the background
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problems turn out to be worse than anticipated. To achieve 30% momentum resolution, one
would need to localize muon hits within about a half-strip width per chamber plane. Hardware
implementation to provide half-strip digitization at the trigger level will be discussed in
subsection 4.4. Prototype tests proved the capabilities of this approach (see subsections 4.8.2.3
and 4.8.3.2). Using muon hits localized to within a half-strip per plane, special trigger logic
will look for patterns of hits consistent with the passage of muons of interest.

4.2 DETAILED CHAMBER DESIGN: ME1/2, ME1/3, ME234/1, ME234/2

4.2.1 Introduction

This section covers the design of the seven types of EMU CSCs, ME1/2, ME1/3, ME2/1,
ME3/1, ME4/1, ME234/2, the total number of which is 468. Although being very different in
terms of size, number of readout channels and resolution requirements, the basic design
grounds for all these chambers are essentially the same. An exploded side view of a CMS
Endcap Cathode Strip Chamber, identifying all the major chamber components, is shown in
Fig. 4.2.1. Seven panels are stacked together to form six gas gaps. Six out of the seven panels
carry strip artwork on one side (strips face up in the drawing), the other side being a smooth
uninterrupted ground.
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F i g .   4 . 2 . 1 : Exploded view of a cathode strip chamber (not to scale) showing its main
components and the way the chamber is assembled.

Anode wires are wound onto both sides of the three panels called anode panels.
Naturally, these panels also carry artwork for taking anode signals out at one side of the panels
and for feeding high voltage in at the opposite side (HV is applied to the wires). The wires are
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8. US CMS Project Management System

8.1 Introduction

The CMS Project uses the work breakdown structure described in Chapter 5 as a framework
for preparing a detailed cost estimate and a resource-loaded schedule.  The work breakdown
structure dictionary provides the initial input for the technical scope baseline given in Appendix
2.  The time phasing of the resource-loaded schedule has been adjusted to fit within the
anticipated funding profile.  This then forms the basis for the cost baseline or budget shown in
Appendix 4.  This system is described in more detail in a US CMS project office procedure.

8.2 Change Control, Change Authorization and Contingency Management

The US CMS Fermilab construction project manager and technical director will control
changes in requirements, cost, and schedule (in consultation and agreement, as appropriate, with
the US CMS project management group).  Any change that affects the interaction between
detector subsystems or that significantly affect the performance, schedule, or the safety of the
detector must also be referred to the CMS Management Board by the construction project
manager and technical director.

DOE and NSF will make funds available for support of the US CMS Project on an annual
basis.  Each year the construction project manager and technical director review, negotiate, and
approve the Statement of Work which will include a description of the work to be performed, the
requested funds, and the manpower to be assigned to that year’s activities.  Also, through
reviews, the projected cost of the work, and the currently projected contingency requirement at
work breakdown structure level 3 over the life of the project will be known.  Funds will then be
released to the institutions that are part of the US CMS Collaboration.  A management reserve
will be held by the construction project manager and will be applied during the fiscal year on the
basis of performance and need, following the principles of change control outlined below.

The Project Management Group, chaired by the Fermilab deputy director, will act as a high
level Change Control Board for the US CMS Project.  The Project Management Group will have
as its purview assignment of contingency funds, changes of the scope of the project, and changes
to the schedule exceeding thresholds shown in Appendix 6.  Scope reductions may be required
should projected costs of any level 2 subsystem greatly exceed the budgets to complete.

Formal change requests will be submitted and dispositioned (either approved or disapproved)
for all changes exceeding thresholds stated in Appendix 6.  The Project Office will maintain a
record of all change requests.  A de minimus level for cost changes is set at $1,000.

The principles of contingency management that the US CMS Project will follow are as
follows:

• The cost estimate for each level 2 subsystem will include a contingency estimate based
on an assessment of uncertainties and risks associated with the budgeted cost.

• Actual expenditure of contingency will be reflected in a revised estimate at completion,
updated at least annually.



US CMS Project Management Plan November 199834

The Fermilab US CMS Project Management Group will consider and approve or disapprove
all change requests that trigger the threshold set in Appendix 6.  The US CMS Project Office
will maintain a log of such approved (at any level) change requests.  This log will be
available for review by all project management.

• All cost changes to the baseline costs shall be traceable.

• The construction project manager must approve in advance all procurements requiring
the use of contingency.



US CMS Project Management Plan November 199864

Appendix 6:  Proposed US CMS Project Management Change Control Thresholds

Level 0 Level 1 Level 2 Level 3a Level 3b

DOE Director of
Energy Research
/NSF Director of
Mathematical and
Physical Sciences

DOE/NSF Joint Over-
sight Group

DOE/NSF (Agency)
Project Manager

Fermilab Deputy
Director

US CMS Tech-
nical Director &
Construction Project
Manager

Technical Changes that require
modification to the
US/CERN Agree-
ment and Experi-
ments Protocol

Approve the technical
baseline as described
in Appendix 2: US
CMS Technical Base-
line Document.

Significant changes to
the technical baseline
as described in Appen-
dix 2: US CMS Tech-
nical Baseline Docu-
ment.

Any change in
scope that has a
significant impact
on the physics
performance of a
sub-detector, in-
cluding trade-offs
among subdetectors

Significant changes
in scope or detailed
design of sub-
detectors.

Any change in
scope or physics
performance of a
subdetector,
including trade-offs
among subdetectors.

Changes in scope or
detailed design of
subdetectors as
documented in the
Design Handbook.

Schedule Changes that require
modification to the
US/CERN Agree-
ment and Experi-
ments Protocol.

Greater than six month
change in a Level 1
milestone. [Appendix
3: US CMS Baseline
Schedule.]

Greater than three
month change in a
Level 2 milestone.
[Appendix 3: US CMS
Baseline Schedule.]

Greater than three
month change in a
Level 2 milestone.
[Appendix 3: US
CMS Baseline
Schedule.]

Greater than a one
month change in a
Level 2 milestone.
[Appendix 3: US
CMS Baseline
Schedule.]

Greater than one
month change to
milestones defined
by the CPM and
TD.

Cost Changes that require
modification to the
US/CERN Agree-
ment and Experi-
ments Protocol.

Any change to the US
CMS Total Project
Cost (TPC).

Cumulative changes
greater than $2.5
million to the US CMS
cost baseline at WBS
Level 2. [Appendix 4:
US CMS Cost Base-
line.]

Cumulative changes
greater than $1.0
million to the US
CMS cost baseline
at WBS Level 2.
[Appendix 4: US
CMS Cost Base-
line.]

Cumulative changes
in the cost baseline
of $100 thousand at
WBS Level 2. [US
CMS Cost Estimate
dated May 1998.]
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Statement of Work 
 

by 
 

the US CMS Group at Fermilab 
 

for Activities Related to the US CMS Endcap Muon Subsystem 
 

During Fiscal Year 2002 
 

March 20, 2002 
 
 
1. Introduction 
 

This Statement of Work (SOW) is made to provide the yearly details of the work agreed to 
between the US CMS Project and the US CMS group at Fermilab. It covers the specific period of 
performance from October 1, 2001 through September 30, 2002. 
 
2. Personnel 
 
2.1. List of Scientific Personnel 
 

Participating scientists with anticipated fraction of their research time committed to CMS during 
this period of performance are listed below. No support for these individuals comes from project funds. 
 
Name CMS 

Fraction 
Other Research 
Commitments/Comments 

G. Apollinari 80% CDF (20%) 
D. Eartly 100%  
R. H.  Lee 66%  
K. Maeshima 50%  
O. Prokofiev 100%  
 
2.2. List of Technical Personnel 
 

Participating technical personnel with the anticipated fraction of their time (time fractions are 
estimates and are not cost shares) committed to CMS during this period of performance and their source(s) 
of support are indicated below. The possible sources are DUS = DOE, US CMS Project; NUS = NSF, US 
CMS Project; DBG = DOE base grant; NBG = NSF base grant, UID = university infrastructure, DOE-
supported group; and UIN = university infrastructure, NSF-supported group as shown in the WBS. The 
WBS numbers at L7 to which the salary costs should be charged should be filled in with the appropriate 
fraction of the salary charge if this cost is covered by a grant supplement. The cost on the CMS Project will 
be assigned algorithmically in the case of a grant supplement, That cost will be assigned to the WBS 
numbers given below with a weight equal to the salary fraction. The sum of the salary fractions should 
equal one. 
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Engineers 
 
 
Name 

CMS 
Fraction 
(%) 

Cost on CMS 
Project this FY 
(k$) 

Source of 
Support 

WBS #’s Salary 
fraction 

N. Chester 100% AAA$ DOE 1.8.2.2 100% 
J. Brandt 25% BBB$ DOE 1.8.1.1.7.2 100% 
V. Razmyslovich 50% CCC$ DOE 1.8.1.1.7.7 100% 
V. Sknar (alignment) 25%            - CMS Visitor 1.7.7.5, 

1,7,6,8 
- 

 
Designers 
 
 
Name 

CMS 
Fraction 
(%) 

Cost on CMS 
Project this FY 
(k$) 

Source of 
Support 

WBS #’s Salary 
fraction 

P. Belko 25% DDD$ DOE 1.8.1.1.7.2 100% 
 
Technical Specialists 
 
 
 
Name 

CMS 
Fracti
on 
(%) 

Cost on CMS 
Project this FY 
(k$) 

Source of 
Support 

WBS #’s Salary 
fraction 

P. Deering (Lab 8 Supervisor) 50% - Base Program - 50% 
Lab 8 Technicians (3.2 techs) 100% EEE$ DOE 1.8.4.2.9.5 100% 
G.Smith (MP9 Supervisor) 100% FFF$ DOE 1.8.4.3.1 100% 
J. Wittenkeller (MP9 Lead) 100% GGG$ DOE 1.8.4.3.8.8  
MP9 Technicians (6 techs) 100% HHH$ DOE 1.8.4.3.8.9 100% 
Documentation/Travelers   
(1.2 techs) 

100% III$ DOE 1.8.1.1.7.1.4 100% 

Inspection (0.2 techs) 100% JJJ$ DOE 1.8.3.1.1.4 20% 
Chamber Parts Shipment 
 (0.6 techs) 

100% KKK$ DOE 1.8.3.1.2.3 60% 

Integration Parts Shipment 
(0.3 techs) 

100% LLL$ DOE 1.6.2.1.8 30% 

 
Programmers 
 
 
 
Name 

CMS 
Fraction 
(%) 

Cost on CMS 
Project this FY 
(k$) 

Source of 
Support 

WBS #’s Salary 
fraction 

E. Orischin (alignment) 25       - CMS Visitor 1.7.5.5.2 - 
 
Others 
 
 
 
Name 

CMS 
Fraction 
(%) 

Cost on CMS 
Project 
(k$) 

Source of 
Support 

WBS #’s Salary 
fraction 

      
 
 

2 
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3.  Responsibilities for this Period of Performance 
 
3.1 WBS Items at L7, Estimated Cost and Deliverable 
 
       During this period of performance the US CMS group at Fermilab agrees to supply the following 
deliverables at a cost not to exceed the estimated base cost given in the US CMS WBS. The following 
itemized list describes the items (or partial completion of items) provided in this period (Statements of 
Work). 
 

 
 
 

WBS (L7) 

 
 
 

Task - Deliverable 

WBS 
Base 
Cost 

(FY00$)

 
FY02 
Cost 

(FY02$) 

 
 

FNAL 
MPO 

 
 

DOE 
Suppl. 

 
 
 

NSF 

1.1.3.1 Physicist in charge for production at 
Fermilab 

0 0 0 0

1.6.2.1.3 procure Cu pads 270,100 0 0 0
1.6.2.1.8.2 ship On-chamber parts to PNPI FY02 15,199 15,984 15,984 0
1.6.2.1.8.4 ship On-chamber parts to IHEP FY02 15,199 15,984 15,984 0
1.6.2.1.8.5 Ship On-chamber Electronics to Dubna 

(ME11) 
14,000 14,723 14,723 0

1.6.2.1.8.6 Labor for shipment parts to Dubna (ME11) 10,000 10,516 10,516 0
1.6.2.1.8.7 Labor for shipment on-chamber parts to 

PNPI & IHEP 
34,000 35,756 35,756 0

1.7.8.2.3.2 test & calib. 1,500 1,577 0 1,577
1.7.8.2.4.4 test & calib. 3,750 3,944 0 3,944
1.7.8.2.5.2 test & calib. 3,000 3,155 0 3,155
1.7.8.2.6.2 test & calib. 1,950 2,051 0 2,051
1.7.8.2.7.3 test & calib. 1,950 2,051 0 2,051
1.7.8.3.1.5 Analog test facility 5,000 1,528 0 1,528
1.7.8.4.8 quality assurance 0 0 0 0
1.8.1.1.7.1.4  FY02 Documentation/Travelers 102,500 107,794 107,794 0
1.8.1.1.7.2.6 Finishing Integration in FY02 56,250 59,155 59,155 0
1.8.1.1.7.7 Finishing Integration of ME3/1, ME4/1, 

ME1/3 
21,000 22,085 22,085 0

1.8.2.2.4 Production Engineer in FY02 180,000 189,297 189,297 0
1.8.2.4.2 Technical coordination related to primary 

assembly-FY00 
137,600 34,626 34,626 0

1.8.3.1.1.4 FY02 Inspection 23,998 25,238 25,238 0
1.8.3.1.2.3 FY02 Kit Preparation 37,000 38,911 38,911 0
1.8.3.3.13.4 Epoxy in FY2002 19,300 20,297 20,297 0
1.8.3.3.14.4 Scotch Tape in FY2002 1,675 1,762 1,762 0
1.8.3.3.15.4 RTV in FY2002 10,700 11,253 11,253 0
1.8.4.1 Physicist in charge for production at 

Fermilab 
0 0 0

1.8.4.2.1 Panel Production Supervision 0 0 0
1.8.4.2.5.4 Gerber and Axxiom MaintenanceFY02 10,040 10,559 10,559 0
1.8.4.2.6.4 Milling BitsFY02 7,560 7,950 7,950 0
1.8.4.2.9.5 Lab 8 manpower FY02 214,712 225,802 225,802 0
1.8.4.3.1.2 Chamber Assembly Supervision 476,320 139,743 139,743 0
1.8.4.3.2 Physicist at MP9 and Lab 7 0 0 0
1.8.4.3.8.8 Lead Tech 196,500 80,725 80,725 0
1.8.4.3.8.9 Six Assembly Techs 943,200 387,478 387,478 0
1.8.4.3.8.10.1 Visitor 1 75,000 32,261 32,261 0
1.8.4.3.8.10.2 Visitor 2 75,000 32,261 32,261 0
1.8.4.3.8.12 Overtime at MP9 42,066 27,049 27,049 0
1.8.4.3.12.1.4 Gas Expenses-FY02 4,160 4,375 4,375 0
1.8.4.3.12.2.3 Station Maintenance-FY02 10,080 10,601 10,601 0

3 
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1.8.4.3.12.3.4 48 ME23/2 chambers - crates 9,000 9,465 9,465 0
1.8.4.3.12.4.7 6th-9th  6-CSC racks are shipped to UF 8,000 8,413 8,413 0
1.8.4.3.12.4.8 6th-9th  6-CSC racks are shipped to UCLA 12,000 12,620 12,620 0
1.8.4.4.1 Physicist overseeing shipments to Foreign 

Sites 
0 0 0

1.8.4.4.5.2 Shipping Panels+M&S to PNPI - 2002 (26 
ME23/1) 

11,000 11,568 11,568 0

1.8.4.4.5.4 PNPI Critical Tooling Maintenance 30,000 0 0 0
1.8.4.4.11.2 Shipping Panels+M&S to IHEP - 2002 (48 

ME1/23) 
12,900 13,566 13,566 0

1.8.4.4.11.4 IHEP Critical Tooling Maintenance 30,000 0 0 0
1.8.7.2.7 Equipment for chamber pre-tests at CERN 31,998 33,651 33,651 0
1.8.7.2.9 Storage/Pre-tests at CERN expenses-FY02 0 0 0 0
Total Cost  1,665,772 1,651,466 0 14,306
 
3.2. Coordination and  Reporting 
 

The US CMS Level 2 Manager for the Endcap Muon subsystem is Guenakh Mitselmakher.  The 
institution contact person for Endcap Muon activities at Fermilab is Giorgio Apollinari for the CSC factory 
and David Eartly for the CSC alignment. The task managers for Endcap Muon activities carried out by the 
US CMS group at Fermilab are as follows: 
 
Task Task Manager 
CSC Construction G. Apollinari 
Alignment  System D. Eartly 
Integration Parts Shipment O. Prokofiev 

 
3.3. Procurement Authorization 
 

Item purchases exceeding the delegated limit (currently $10k) must be authorized in advance of 
obligation by the US CMS Level 2 manager.  Major procurements (currently $100k) must in addition have 
the written authorization of the US CMS Construction Project Manager. Items purchased as CMS Common 
Project items must be explicitly authorized by the US CMS Construction Project Manager and approved by 
the CMS Resource Manager, regardless of the cost. 
 
3.4. Reporting to US CMS Project Management 
 
 The US CMS group at Fermilab will report all CMS related expenditures and labor charges 
together with associated technical progress in each item of work by Work Breakdown Structure (WBS) 
category (Level 7). 
 
 Technical progress will be reported by WBS element L4 to the Level 2 Manager and the TD/CPM 
on a quarterly basis and will cover all items covered in this Statement of Work regardless of the specific 
nature of the funding support.  
 
 The US CMS group at Fermilab agrees to furnish complete documentation of the quality control 
and performance checks which are carried out for US CMS in the performance of this work. 
 
3.5. Collaboration with Other Groups and Institutions 
 

Design, construction and installation related to the Endcap Muon subsystem will be carried out in 
close communication and collaboration with other groups working on this and related subsystems. 
 
 
 
WBS / Task (L4) 

Collab. 
Group 

Responsibility with US CMS group at Fermilab 
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1.7.7 UWisc Alignment system test parts 
1.7.6, 1.7.7, 1.7.8 NEU Alignment system design and tests 
1.7.6, 1.7.7, 1.7.8 PNPI Alignment system design and tests 
 
4. Contribution of Effort, Services and Equipment 
 

Subject to adequate funding by DOE or NSF, the US CMS group at Fermilab will provide support 
for the scientific and technical personnel as indicated in section 2 during this period of performance. This 
contribution refers only to support provided outside the US CMS Project. 
 
5. Fermilab (as host institution) Effort, Services and Facilities 
 

Tracking of Fermilab CMS support, whether provided by Fermilab or paid by the US CMS 
Project, will be done using appropriate effort reporting codes. The costs incurred will be reported to the 
Fermilab Director. 
 

Contributing Fermilab personnel with the anticipated fraction of their time committed to CMS 
during this period of performance and their source(s) of support are: 
 
5.1. Administrative Staff 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 

   
   
 
5.2. Engineers 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 

   
   
 
5.3. Designers 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 

   
   
 
5.4. Technical Specialists 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 
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5.5. Programmers 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 

   
 
 5.6.  Others 
 
 
Name 

CMS 
Fraction 
 

 
Source of Support 

   
 
6. Costs and Funding 
 

A total amount of $1,665,772 is detailed above for the full fiscal year. The MPO portion will be 
paid upon receipt and approval of invoices for the work by the Project Office at Fermilab.  Management 
control requires the review and concurrence of the Level 2 Manager and the Project Office, as needed, for 
major expenditures, as defined above. The release of funds above the given thresholds will be contingent 
upon this concurrence. 
 
7. Schedules and Milestones 
 

The US CMS group at Fermilab will make every effort to carry out their institutional 
responsibilities consistent with the overall CMS schedule.  In this Statement of Work are listed the program 
milestones for this period of performance. 
 

The program milestones for this period of performance relevant to the US CMS group at Fermilab 
are listed here: 
 

WBS Program Milestones 
Baseline 
Milestone 
Date 

Current 
Milestone 
Date 

1.8.1.1.23 Sign off ME1/3 Chamber Drawings  12/07/01 
1.8.1.1.30 Sign-off Integration Drawings for ME2/1 Chambers  12/07/01 
1.8.1.1.31 Sign-off Integration Drawings for ME3/1 Chambers  02/07/02 
1.8.1.1.32 Sign-off Integration Drawings for ME1/3 Chambers  12/07/01 
1.8.1.1.33 Sign-off Integration Drawings for ME4/1 Chambers  04/08/02 
1.8.4.2.11 "+42=106 ME23/2, +20=40 ME23/1, +36=72 ME1/23 

panels made" 
 

10/01/01 
1.8.4.2.14 38 ME4/1 panels delivered  06/03/02 
1.8.4.3.9 +54=66 ME23/2 chambers assembled  01/31/02 
1.8.4.3.10 +54=120 ME23/2 chambers assembled  09/30/02 
1.10.1.1.2 52 ME23/2s assembled at Fermilab  10/30/01 
1.10.1.1.3 57 ME23/2s assembled at Fermilab  11/30/01 
1.10.1.1.4 61 ME23/2s assembled at Fermilab  12/31/01 
1.10.1.1.5 66 ME23/2s assembled at Fermilab  01/31/02 
1.10.1.1.6 72 ME23/2s assembled at Fermilab  02/28/02 
1.10.1.1.7 78 ME23/2s assembled at Fermilab  03/31/02 
1.10.1.1.8 84 ME23/2s assembled at Fermilab  04/30/02 
1.10.1.1.9 90 ME23/2s assembled at Fermilab  05/31/02 
1.10.1.1.10 96 ME23/2s assembled at Fermilab  06/30/02 
1.10.1.1.11 102 ME23/2s assembled at Fermilab  07/31/02 
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1.10.1.1.12 108 ME23/2s assembled at Fermilab  08/31/02 
1.10.1.1.13 114 ME23/2s assembled at Fermilab  09/30/02 
1.10.1.2.2 21 Chambers shipped to UCLA FAST Site  12/17/01 
1.10.1.2.3 26 Chambers shipped to UCLA FAST Site  12/17/01 
1.10.1.2.4 31 Chambers shipped to UCLA FAST Site  03/15/02 
1.10.1.2.5 36 Chambers shipped to UCLA FAST Site  03/15/02 
1.10.1.2.6 41 Chambers shipped to UCLA FAST Site  06/17/02 
1.10.1.2.7 46 Chambers shipped to UCLA FAST Site  06/17/02 
1.10.1.2.8 51 Chambers shipped to UCLA FAST Site  09/16/02 
1.10.1.2.9 56 Chambers shipped to UCLA FAST Site  09/16/02 
1.10.1.3.1 21 Chambers shipped to UF FAST Site  12/17/01 
1.10.1.3.2 26 Chambers shipped to UF FAST Site  12/17/01 
1.10.1.3.3 31 Chambers shipped to UF FAST Site  03/15/02 
1.10.1.3.4 36 Chambers shipped to UF FAST Site  03/15/02 
1.10.1.3.5 41 Chambers shipped to UF FAST Site  06/17/02 
1.10.1.3.6 46 Chambers shipped to UF FAST Site  06/17/02 
1.10.1.3.7 51 Chambers shipped to UF FAST Site  09/16/02 
1.10.1.3.8 56 Chambers shipped to UF FAST Site  09/16/02 
1.10.2.2 38 ME3/1 CSC kits shipped to PNPI  01/31/02 
1.10.2.3 38 ME4/1 CSC kits shipped to PNPI  04/30/02 
1.10.3.1 74 ME1/2 CSC kits are shipped to IHEP  10/30/01 
1.10.4.1.1 5 ME23/2 cooling plates are at UCLA  10/01/01 
1.10.4.1.2 5 ME23/2 cooling plates are at UF  10/01/01 
1.10.4.1.3 +5=10 ME23/2 cooling plates are at UCLA  12/15/01 
1.10.4.1.4 +5=10 ME23/2 cooling plates are at UF  12/15/01 
1.10.4.1.5 12 ME2/1 cooling plates at Fermilab ready to be shipped to 

PNPI 
 

12/15/01 
1.10.4.1.6 12 ME1/2 cooling plates at Fermilab ready to be shipped to 

IHEP 
 

12/15/01 
1.10.4.1.7 +5=15 ME23/2 cooling plates are at UCLA  02/15/02 
1.10.4.1.8 +5=15 ME23/2 cooling plates are at UF  02/15/02 
1.10.4.1.9 +12=24 ME2/1 cooling plates at Fermilab ready to be 

shipped to PNPI 
 

02/28/02 
1.10.4.1.10 +12=24 ME1/2 cooling plates at Fermilab ready to be 

shipped to IHEP 
 

02/28/02 
1.10.4.1.11 +10=25 ME23/2 cooling plates are at UCLA  03/31/02 
1.10.4.1.12 +10=25 ME23/2 cooling plates are at UF  03/31/02 
1.10.4.1.13 +14=38 ME2/1 cooling plates at Fermilab ready to be 

shipped to PNPI 
 

05/15/02 
1.10.4.1.14 +12=36 ME1/2 cooling plates at Fermilab ready to be 

shipped to IHEP 
 

05/15/02 
1.10.4.1.15 +10=35 ME23/2 cooling plates are at UCLA  06/15/02 
1.10.4.1.16 +10=35 ME23/2 cooling plates are at UF  06/15/02 
1.10.4.1.17 12 ME3/1 cooling plates at Fermilab ready to be shipped to 

PNPI 
 

07/15/02 
1.10.4.1.18 +12=48 ME1/2 cooling plates at Fermilab ready to be 

shipped to IHEP 
 

07/15/02 
1.10.4.1.19 +10=45 ME23/2 cooling plates are at UCLA  08/31/02 
1.10.4.1.20 +10=45 ME23/2 cooling plates are at UF  08/31/02 
1.10.4.1.21 +12=24 ME3/1 cooling plates at Fermilab ready to be 

shipped to PNPI 
 

09/30/02 
1.10.4.1.22 +12=60 ME1/2 cooling plates at Fermilab ready to be 

shipped to IHEP 
 

09/30/02 
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Configuration Change Control Specification

Integrated Chamber Type:  ME 234/2 
     Serial Number Range:  001 +

Configuration: 1 Release Date:
Revision: None Revision Date:

(*) Size Dwg. No. Rev. Description

ME- 400220 A Integrated Chamber Main Assembly
ME- 368220 I Chamber Main Assembly
MC- 400010 - Anode Front End Electronics Board Assy
MD- 400020 - Cathode Front End Electronic Board
MD- 400030 - Low Voltage Distribution Board (LVDB)
MD- 400031 - LVDB Electronics Assy Kit
ME- 400124 - ALCT 384 Board Assembly
ME- 400221 - Anode Electronics Assy Kit
ME- 400222 - Cathode Electronics Assy Kit
ME- 400223 - ALCT Electronics Assy Kit
ME- 400225 - Cooling Plate Assy Kit

** ME- 400226 - Cable Kit

* MX- 400228 - Schematic, Integrated Chamber Assembly

(*) Change Description: * This drawing is not currently released or available at this time.

** Cable part numbers have been assigned for all cables but more information is needed before

the cable kit drawing and Schematic can be finalized to show the beginning and end point of 

cable identified.

 ******** Approvals: ********
(primary/alternate)

Prepared by: Approved by:

N. Chester Gena Mitselmakher/Andrey Korytov

Andrey Korytov/Gena Mitselmakher

Richard Loveless/Farshid Feyzi

TY Ling/Tom Ferguson T. Fergusen (by Email)

.=by Email, Signature on File

CMS Muon Integrated Cathode Strip Chambers

File: Config. Control, IME234/2 C1R0.xls Page 1 Printed: 9/24/2002





 
 

CMS-EMU FNAL Factory 
Division of Responsibilities 

 
 

November 30th, 1999 

 
This CMS-EMU FNAL Factory Division of Responsibilities covers the assignment of 
tasks and responsibilities for personnel operating the manufacturing and testing sites of 
the CMS-EMU Factory at Fermilab. As such, this is a working document, which may 
require modification as the need for new resources and/or new tasks are identified.  
 
Fermilab will assemble approximately 148 chambers and will provide kits for additional 
224 smaller chambers to be assembled at PNPI (Russia) and IHEP (China).  Personnel 
required for tooling development, product development, quality assurance, and floor 
management will be provided jointly by PPD, TD and the CMS Muon Project.  
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1. FNAL Site Management 
1.1. Site Manager  

1.1.1. The Site Manager (Giorgio Apollinari) will have full management 
responsibility for the procurements of parts and fabrication of the chambers 
and chamber kits.  

1.1.2. The Site Manager, upon consultation with the Project Engineer, will have 
primary control over the activation or deactivation of the factory line.   

1.1.3. The Site Manager will be responsible for the CMS Endcap Muon 
Chambers performance in accordance with the CMS-EMU Technical 
Specifications and any modification/addition provided by the CMS-EMU L2 
and L3 Managers (Gena Mitselmaker and Andrey Korytov respectively). 

1.1.4. The Site Manager will report on the FNAL part of the Project Cost and 
Schedule. He will report to the appropriate L2 and L3 CMS Muon Project 
Managers and to the US CMS Management Office according to the format 
established by the appropriate level of Management. 

1.1.5. The Site Manager will approve procurements for the CMS-EMU factory 
in agreement with the CMS project Cost Estimate. In agreement with the 
appropriate L2-L3 managers, he will provide general guidelines for the 
finalization of R&D tasks and the transition to production. 

1.1.6. The Site Manager will act in agreement with the approved Resource 
Loaded Schedule in the definition of the FNAL factory tasks. 

1.2. Project Engineer 
1.2.1. The Project Engineer (Nelson Chester) has control over all the engineering 

aspects of the factory. These aspects include tooling design, chamber 
drawings, assembly procedures and technical specifications.   

1.2.2. The Project Engineer has full responsibilities for the sign-off of Discrepancy 
Reports (DR) and the initiation of Engineering Change Requests (ECR). He 
can delegate the DRs sign-off to the Production Floor if he elect to do so. He 
will seek advice from the project Technological Physicists (Oleg Prokofiev 
and Yuri Pishialnikov) when needed.   

1.2.3. The Project Engineer will review the setup of chamber assembly at FNAL 
and at the remote sites (FAST Sites at University of Florida and University 
of California at Los Angeles) providing guidance where needed.  

1.3. Foreign Sites Coordination 
1.3.1. The Foreign Site Coordinator (Victor Yarba) will work in consultation 

with the Site Manager and will have control and responsibility for the 
coordination of activities with the foreign assembly sites (PNPI, Russia and 
IHEP, China). 

1.3.2. The Foreign Site Coordinator will be responsible for gathering the proper 
information from the Foreign Assembly Sites representatives to help and 
expedite the custom clearance of FNAL shipments through the foreign 
custom offices. 
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2. Engineering 
2.1.  General Aspects 

2.1.1. The engineering group is headed by the Project Engineer. The Project 
Engineer has full control and responsibility for the engineering group, which 
includes the chamber and tooling engineers (Vladislav Razmyslovitch and 
Evgeni Borissov respectively), any draftsperson needed for drawings 
finalization and any engineer visiting from the foreign assembly sites.   

2.1.2. The Project Engineer will have responsibility for the production of all the 
chamber and tooling drawings, their checkout, the drawing release and the 
purchase release to maintain production according to the CMS-EMU 
schedule. 

2.1.3. The Project Engineer will be responsible for the integration of other 
institution drawings (Wisconsin) in the TD-FNAL system and the checkout 
of those drawings for appropriate use on the production floor. 

2.1.4. The Project Engineer will act as advisor for production activities at FAST 
Site and at the foreign assembly sites.   

2.1.5. Prompted by the US CMS Managers and/or the appropriate L2-L3 
managers, the Project Engineer will edit, update, and seek required 
approvals for release of all technical specifications and engineering 
drawings. 

2.1.6. The Project Engineer will initially release and maintain all the released 
specifications and technical drawings, entering them in the TD Document 
Control System (DCS) and in the CERN Drawings Database.  All released 
drawings and specifications will be assigned Fermilab part numbers. 

2.1.7. The Project Engineer will be responsible for distributing released 
drawings and specifications and documenting all the engineering changes 
and the disposition of non-conforming materials during the course of 
production.  
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2.2. Drawings Preparation 
2.2.1. The Chamber Engineer (Vladislav Razmyslovitch) will be responsible for 

providing, releasing after approval, and controlling through the appropriate 
TD procedures, all sets of the final chamber drawings prior to the Design 
Review and the beginning of production (ME234/2) or prior to parts 
shipments to the foreign sites. 

2.2.2. The Tooling Engineer (Evgeni Borissov) will be responsible for 
providing, releasing after approval, and controlling through the appropriate 
TD procedures, all sets of the final tooling drawings prior to the beginning 
of production or shipment to the foreign sites. 

2.2.3. The Project Engineer is responsible for acknowledging the need and 
requesting from the Site Manager appropriate resources for the 
documentation of the electrical and electronic circuit of the production 
tooling. 

2.3. Drawings Sign-off 
2.3.1. The Project Engineer only will be responsible for the drawings sign-off. 

When convenient, he may delegate the actual signing process to the Site 
Manager or another person of his choice. 

2.4.  Purchase Releases 
2.4.1. The Project Engineer or the Site Manager will generate the purchase 

releases for the procurement of production parts according to the CMS-EMU 
schedule. 

2.4.2. To insure procurement to the proper drawing or technical specifications, 
all purchase releases will be submitted or verbally approved by the Project 
Engineer.  

2.5. Technical Specifications 
2.5.1. Technological Physicists and Production Floor Managers will be 

responsible for communicating to the Project Engineer the proper technical 
specifications for parts and tooling needed for the chamber assembly.   

2.5.2. The Project Engineer will be responsible for editing and maintaining the 
project technical specifications, assigning them appropriate document 
control numbers. 

 Page 4  



3. Procurement & Inspection 
3.1. Parts Procurement 

3.1.1. The Procurement & Inspection Group (Gregg Kobliska) will be 
responsible for the procurement of parts for the CMS-EMU project. 
Procurement will take place from vendors or Universities, based on 
directions from the Site Manager and Project Engineer. 

3.1.2. The Procurement Group will act on Purchase Releases generated by the 
Site Manager/Project Engineer and processed through the Process Engineer 
Group (Bob Jensen) by T.J. Gardner. The Procurement Group will work on 
drawings released and stored in the TD DCS System and generate Purchase 
Requests in the most expeditious way. 

3.1.3. In very exceptional circumstances, when a procurement is urgent and the 
released process may not be fast enough to provide the Procurement Group 
with the latest version of a drawing, the Project Engineer is responsible for 
providing a copy of the latest version of a released drawing for Procurement. 

3.2. Parts Inspection 
3.2.1. All the parts will undergo inspection with a sampling determined by 

experience and agreed upon between the Inspection Group and the Site 
Manager/Project Engineer. 

3.2.2. The Project Engineer will be responsible for providing the Inspection 
Group with documentation indicating the critical dimensions to inspect in 
any part of the CSC Chambers. 

3.2.3. Non-discrepant parts will be documented following the standard TD 
practice.  The Inspection group will be responsible for stocking and 
documenting the parts appropriate for production and for replacement of the 
discrepant parts, according to directions from the management. 

3.2.4. The Inspection group will be responsible for pointing out inadequacies-
mistakes in the drawings. The Project Engineer will be responsible for the 
drawing correction and re-release. 
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4. Kits Preparation and Shipping 

4.1.  Chamber Kits for FNAL 
4.1.1. Kits for the chambers to be assembled at Fermilab will be prepared and 

staged by the Pro-Eng group. T.J. Gardner will have responsibility for 
obtaining the appropriate Engineering Releases and Engineering Change 
Orders when applicable, and prepare kits to be staged before shipment to 
MP9 for chamber assembly. Chamber panels will not be part of these kits 
and will be delivered directly to the MP9 Floor Manager (G.Smith) from the 
Procurement and Inspection Group. 

4.1.2. When necessary, the MP9 Inventory Control Expert (Lamar Lee) will 
have responsibility for releasing in a timely manner Additional Parts to the 
production floor. When the necessity of an Additional Part Release arises 
from a drawing inaccuracy, the MP9 Inventory Control Expert will have the 
responsibility of notifying the Site Manager/Project Engineer. Additional 
Parts requests can be process directly by the MP9 Inventory Control Expert 
without the Site Manager/Project Engineer approval, to expedite the delivery 
of parts on the production floor. The MP9 Inventory Control Expert will 
have responsibility for recording and documenting the parts delivered to the 
Production floor through Additional Part Requests. 

4.1.3. The Site Manager will communicate the schedule for Kits preparation 
after consultation with the MP9 Floor Manager during the pre-production 
stage (FY 2000). During production, the MP9 Floor Manager will schedule 
the delivery of kits to MP9 according to the production needs. 

4.1.4. Transportation of kits to/from the various assembly sites will be a 
responsibility of the Procurement and Inspection group. 

4.2.  Chamber Kits for China-Russia 
4.2.1. Kits for chambers to be assembled in China (IHEP) and Russia (PNPI) 

will be prepared by the Pro-Eng group. T.J. Gardner will have responsibility 
for obtaining the appropriate Engineering Releases and Engineering Change 
Orders when applicable, and prepare kits to be shipped to IHEP or PNPI. 
Chamber panels will be part of these kits. 

4.2.2. When necessary, request for additional parts from the foreign sites will be 
transmitted to the Procurement and Inspection group. After approval from 
the Site Manager/Project Engineer, T.J. Gardner will have responsibility for 
releasing on a timely manner Additional Parts to Russia and China.  

4.2.3. The Site Manager will communicate the schedule for Kits preparation 
after consultation with the L2-L3 Managers.  

4.2.4. Transportation and shipment of kits will be the responsibility of the 
Procurement and Inspection group. 

4.2.5. Design of the containers for the kit shipment will be a responsibility of the 
Engineering group. Kits will be prepared in a location agreed upon by the 
Pro-Eng group and the Procurement and Inspection group. 
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5. Production Tooling 

5.1.  FNAL Tooling 
5.1.1. Responsibilities for chamber production tooling in MP9 is assigned 

according to the document “PPD-TD Agreement”. In general, mechanical 
responsibility lies with the TD group, while responsibility for the electrical 
and electronics support lies with PPD. 

5.1.2. The Site Manager and/or Project Engineer may delegate maintenance 
responsibilities for the Fermilab tooling  to the proper experts. 

 
 

5.2.  PNPI/IHEP Tooling 
5.2.1. Critical tooling for IHEP and PNPI will be assembled, commissioned and 

debugged in MP9. The Site Manager/Project Engineer will assign 
responsibility for the tooling preparation in accordance to individual 
capabilities and resources availability. 

5.2.2. The MP9 Floor Manager (Glenn Smith) has responsibility to provide floor 
space and, if needed, manpower for the mechanical assembly of the critical 
tooling. 

5.2.3. The CMS Project Electrical Support Technician (Curtis Danner) will have 
responsibility for the installation and commissioning of the electrical 
components of the Tooling. 

5.2.4. The MP9 Technological Physicist (O. Prokofiev) will have responsibility 
for the tooling commissioning and testing. The MP9 Technological 
Physicists, in conjunction with the  Foreign Site Coordinator and the Tooling 
Engineer, will have responsibility for the preparation of documentation for 
shipment to the foreign sites.  
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6. Interfacilities Transfers 
6.1. Transfers to/from Lab 8 

6.1.1.  Lab 8 is the facility where panels are cut, drilled and machined for further 
needs of the factory. Lab 8 will machine all the panels of the EMU project, 
including the panels destined to China (IHEP) and Russia (PNPI). 

6.1.2. The Procurement and Inspection group will have responsibility for 
transfering raw panels to Lab 8 and machined panels from Lab 8 into the 
designated storage area.  

6.1.3. The Lab 8 Floor Manager (P. Deering) will have responsibility for 
requesting transfer of panels to the Procurement and Inspection group. 

6.1.4. The Lab 8 Floor Manager will have responsibility to request raw panels to 
maintain the highest production rate with no delay or slowdown due to non-
machine related problems, like lack of access to the building or floor plan 
modifications. The Lab 8 Floor Manager will also have responsibility for 
allocating floor space for the needs of the CMS-EMU factory.   

6.2. Transfers to/from MP9 
6.2.1. MP9 is the facility where all kits and panels will converge for the CMS-

EMU chamber assembly.  
6.2.2. The Procurement and Inspection group will have responsibility to deliver 

to MP9 kits for chamber assembly (panels excluded) upon communication 
from the kits originator (T.J.Gardner) and the MP9 Floor Manager (Glenn 
Smith). 

6.2.3. The procurement and Inspection group will be responsible for delivering 
to the MP9 Floor Manager panels for cleaning and further assembly in the 
designated cleaning area. The subsequent transfer of panels to the MP9 
factory, if necessary, will be a responsibility of the MP9 floor Manager.   

6.2.4. After completion and certification, chambers will be stored in shipping 
containers. The Procurement and Inspection group will be responsible for 
shipment to the FAST sites upon communication from the MP9 Floor 
Manager. If immediate shipment is not possible, the Procurement and 
Inspection group will be responsible for storing and tracking the chambers in 
a designated storage area. 

6.3. Transfer to/from Lab 7 
6.3.1. Lab 7 is the facility where chambers can be tested using a Cosmic Ray 

setup. The expectation is that Lab 7 will receive only the prototypes 
produced at MP9 (~5 chambers) and no more than 5-10% of the chambers 
produced by the factory (~10 chambers) for purposes of QC. All the other 
chambers will be shipped to the FAST sites without a cosmic ray test at Lab 
7. 

6.3.2. The Procurement and Inspection group will be responsible for delivering 
chambers from MP9 to Lab 7 upon communication from the Site Manager 
and the MP9 Floor Manager. The same group will have responsibility to 
place the chamber on the cosmic ray stand following standard safety 
practices. 
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6.3.3. When a chamber needs to be shipped from Lab 7, the Procurement and 
Inspection group will be responsible for removing the chamber from the 
cosmic ray stand, load it in the shipping container and move it to “Shipping 
and Receiving”.   

6.3.4. The designation of containers for shipment will be a responsibility of the 
Engineering group.  
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7. Lab 8 Production 

7.1. Production Travelers 
7.1.1. Travelers Drafting  

The Technological Physicist in Lab 8 (Y.Pischalnikov) will be responsible 
for drafting travelers in Lab 8. The Technological Physicist will also be 
responsible for proposals to modify and draft travelers for panels whenever 
new procedures, improvements or better instructions need to be included in 
the manufacturing process. 

7.1.2. Travelers Revision  
The Pro-Eng group and the Lab 8 Floor Manager will revise the Lab 8 
procedures and engineer them for the production process.  

7.1.3. Travelers Sign-off 
The Site Manager and Project Engineer will sign-off the travelers. The Pro-
Eng group will manage travelers.  

7.1.4. The Pro-Eng group will control and manage the travelers. The Pro-Eng 
group will be responsible for updating the travelers when changes become 
necessary with inputs from the Technological Physicist or the FNAL Site 
Management.  

7.1.5. The Pro-Eng group will be responsible for the collection of travelers from 
different production sites (Lab 8, MP9, and Lab 7) and their consolidation in 
a chamber book. The Pro-Eng group will also be responsible for scanning 
the travelers and storing them in electronic format. 

7.1.6. The Pro-Eng group will be responsible for collecting the QA/QC 
measurements and panels parameters from the Lab 8 production. 

 
7.2. Parts Control 

7.2.1. Incoming/Outgoing  Panels 
7.2.1.1. The Site Manager will be responsible for specifying the panels 

production schedule in agreement with the overall CMS-EMU project 
schedule and FNAL responsibilities for panels delivering to the foreign 
assembly sites. 

7.2.1.2. The Lab 8 Floor Manager will be responsible for notifying the TD 
Procurement group about the necessity of transferring to Lab 8 raw 
panels for machining. TD Procurement group will act on a simple 
notification from Lab 8 Floor Manager. 

7.2.1.3. The Lab 8 Floor Manager will be responsible for allocation of 
floor space for incoming and outgoing panel boxes. 
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7.3. Documentation,  Training and Tooling Maintenance 
7.3.1. Drawings  

7.3.1.1. The TD Pro-Eng group will be responsible for transferring to Lab 
8 released drawings of panels for manufacturing. 

7.3.1.2. The Lab 8 Floor Manager will be responsible for proper storage 
and handling of the  released drawings. 

7.3.2. Tools Operation 
7.3.2.1. The Lab 8 Floor Manager will be responsible for proper 

maintenance, operating instructions and personnel training of the 
machining tools (Gerber and Axxiom machines) in Lab 8. In particular 
the Floor Manager will institute proper maintenance contracts (or other 
maintenance procedure agreed upon by the FNAL Site Management), 
financed by PPD, with outside contractors to insure continued 
operations of the Gerber and Axxiom machines. The Floor Manager 
will be responsible for training PPD personnel on the usage and 
operation of the machines and for writing proper instructions and 
procedures. The Lab 8 Floor Manager will also be responsible for the 
simple tooling used for panel deburring and holes chamfering. 

7.3.2.2. The TD Engineering group will be responsible for proper 
maintenance, operating instructions and personnel training of the strip 
position measuring devices. The Lab 8 Technological Physicist will be 
responsible for training PPD personnel on the usage and operation of 
the machines and for writing proper instructions and procedures. 

  
7.4. Production Tasks and Production Flow 

7.4.1. The Lab 8 Floor Manager will be responsible for monitoring production 
and report to the Site Manager on a weekly basis the status of activities in 
Lab 8 and the progress on panel production. Weekly meeting and e-mail 
messages are adequate for this information transfer. 

7.4.2. The Lab 8 Technological Physicist will represent the FNAL Site 
Management in the study of possible improvements of the production flow 
and/or the modification of production tasks to achieve the specifications 
listed in the assembly drawings. The Lab 8 Technological Physicist will also 
be responsible for the initial monitoring of the production quality, and for 
the analysis, during production, of the quality level and the CMS-EMU 
database entries. 

7.4.3. The Lab 8 Site Manager will have sole authority to direct the Factory 
work force in the various aspects of panel production which includes panels 
cutting on the Axxiom and Gerber machines and panels deburring. 
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7.5. Quality Control and Quality Assessment 
7.5.1. The Lab 8 Floor Manager will be responsible for the training of 

technicians in following the travelers and quality control procedures 
prepared by the Pro-Eng group. 

7.5.2. The Pro-Eng group will be responsible for Quality Auditing on a regular 
basis to be defined by consultation between the Technological Physicist and 
the FNAL Site Management. 

7.5.3. The Pro-Eng group will be responsible for the collection of Lab 8 travelers 
and the fill-up of the CMS-EMU database with the appropriate information. 

7.5.4.  The FNAL Site Manager will be responsible for transmitting to the Pro-
Eng group the appropriate information to be saved on the CMS-EMU 
Database. 

7.5.5. The Lab 8 Floor Manager will be responsible for communicating to the 
Pro-Eng group the presence of discrepancies. The Pro-Eng group will be 
responsible for the documentation of the discrepancies. The implementation 
of action items determined by discrepancies will be a responsibility of the 
Lab 8 Floor Manager. 
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8. MP9 Production 
8.1. Production Travelers 

8.1.1. Travelers Drafting  
The Technological Physicist in MP9 will be responsible for the drafting of 
travelers in MP9. The Technological Physicist will also be responsible for 
proposals to the modification and drafting of travelers for new panels 
whenever new procedures, improvements or better instructions need to be 
included in the manufacturing process. 

8.1.2. Travelers Revision  
The Pro-Eng group and the MP9 Floor Manager (G.Smith) will revise the 
MP9 travelers, verify their accuracy versus the released drawings and 
engineer them for production.  

8.1.3. Travelers Sign-off 
The Site Manager and Project Engineer will sign-off the travelers.   

8.1.4. The Pro-Eng group will control and manage the travelers. The Pro-Eng 
group will be responsible for updating the travelers when changes become 
necessary with inputs from the Technological Physicist or the FNAL Site 
Management.  

8.1.5. The Pro-Eng group will be responsible for collection of travelers from 
different production sites (Lab 8, MP9, and Lab 7) and their consolidation in 
a chamber book. The Pro-Eng group will also be responsible for scanning 
the travelers and storing them in electronic format. 

8.1.6. The Pro-Eng group will be responsible for the database collecting 
parameters from the MP9 Chamber Production. 

 
8.2. Tooling Procedures 

8.2.1. The FNAL Site Management will assign the drafting Tooling Procedures 
to the most appropriate tooling expert. These assignments will take place 
through verbal communication, e-mail or during a weekly meeting. 

8.2.2. The MP9 Technological Physicist will be responsible for the 
documentation of new proposal or changes in the tooling procedures. The 
FNAL Site Management will evaluate the new proposals. If approved, they 
will be documented and transmitted to the MP9 Floor Manager.   

8.2.3. The MP9 Technological Physicist will be responsible for the maintenance 
of the gas system in MP9. 

8.2.4. Revision and engineering of the tooling procedures will be a responsibility 
of the Pro-Eng group. The Pro-Eng group will also be responsible for 
engineering and drafting the procedures for tools used at the foreign 
assembly sites (PNPI, Russia and IHEP, China). 
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8.3. Parts Control 
8.3.1. The FNAL Site Management will be responsible for specifying the 

chamber production schedule in agreement with the overall CMS-EMU 
project schedule. Parts will be delivered to MP9 in panels and kits. 

8.3.2. Incoming Panels 
8.3.2.1. Panels for FNAL production will be released to the MP9 Floor 

Manager prior to their cleaning. It will be a responsibility of the MP9 
Manager to arrange panel transportation to MP9.  

8.3.2.2. Panels for Foreign sites production will not be released by the 
Procurement group. MP9 will provide the manpower to clean the 
panels, but the Procurement group will keep responsibility for their 
tracking and subsequent shipment to the foreign sites.  

8.3.3. Kits for FNAL Production 
8.3.3.1. The MP9 Inventory Control Expert will be responsible for Kits 

control and Additional Parts Request whenever a kit is short in some 
components. 

8.3.3.2. The MP9 Floor Manager will be responsible for allocation of floor 
space for incoming and outgoing kit boxes. 

8.3.4. Outgoing Chambers 
8.3.4.1. The MP9 Floor Manager will store boxes of completed chambers 

in the MP9 area (or other agreed location) until a box is ready for 
shipment to the US FAST Sites (University of Florida or UCLA). At 
that time, the MP9 Floor Manager will be responsible for notifying the 
TD Procurement group about the necessity of initiating the shipment. 

 
8.4. Manpower Training 

8.4.1. The MP9 Floor Manager  will have responsibility to train the MP9 work 
force in reading the drawings and implementing the drawings indications. 

8.4.2. The MP9 Floor Manager will have responsibility for training of the MP9 
work force in the usage of the factory tools. The MP9 Floor Manager can 
access, at its discretion, the MP9 Technological Physicists or other 
Physicists in the project to provide guidance to the factory work force. 

8.4.3.  The MP9 Technological Physicist will have responsibility for training the 
factory work force in the usage of the equipment for the various open air HV 
tests.   

 
8.5. Production Tasks 

8.5.1. The MP9 Floor Manager will be responsible for monitoring production 
and report to the FNAL Site Management on a weekly basis the status of 
activities in MP9 and the progress on Chamber production. Weekly meeting 
and e-mail messages are adequate for this information transfer. 

8.5.2. The MP9 Technological Physicist will represent the FNAL Site 
Management in the study of possible improvements of the production flow 
and/or the modification of production tasks to achieve the specifications 
listed in the Assembly Drawings. The production physicist will also be 
responsible for the initial monitoring of the production quality, and for the 
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analysis, during production, of the quality level and the CMS-EMU database 
entries. 

8.5.3. The MP9 Floor Manager will have sole authority to direct the Factory 
work force in the various aspects of chamber production which includes 
panel gluing, winding, soldering (both automatic and discrete components 
soldering), panel HV test in air, chamber assembly, sealing and leak testing. 

8.5.4. The Purdue University group will have responsibility for Tension testing, 
wire position measurements and Capacitance measurements on all the panels 
going through production in MP9. 

8.5.5. The MP9 Production Physicist will have responsibility for the HV training 
of a completed chamber. 

8.6. Quality Control and Quality Assessment 
8.6.1. The MP9 Floor Manager will be responsible for the training of technicians 

in following the travelers and quality control procedures prepared by the 
Pro-Eng group. 

8.6.2. The Inventory Control Expert will be responsible for Quality Auditing on 
a regular basis to be defined by consultation between the Technological 
Physicist and the FNAL Site Management. 

8.6.3. The Pro-Eng group will be responsible for the collection of MP9 travelers 
and the fill-up of the CMS-EMU database with the appropriate information. 

8.6.4.  The FNAL Site Management will be responsible for transmitting to the 
Pro-Eng group the appropriate information to be saved on the CMS-EMU 
Database. 

8.6.5. The MP9 Floor Manager will be responsible for communicating to the 
Pro-Eng group the presence of discrepancies. The Pro-Eng group will be 
responsible for the documentation of the discrepancies. The implementation 
of action items determined by discrepancies will be a responsibility of the 
MP9 Floor Manager. 

8.6.6. Resolution of the MP9 discrepancies will be the sole responsibility of the 
FNAL Site Manager or the Project Engineer. 

 
 

 Page 15  



 
 
Prepared by: 
 
G. Apollinari 
 
 
 
Reviewed by:      
 
D.Green (US-CMS L1 )         
G.Mitselmakher (US-EMU L2)        
A.Korytov (US-EMU L3)         
M.Crisler (PPD Engineering Centers Head)      
V.Yarba (TD Engineering Group Head)       
G.Kobliska (TD Procurement Group Head)      
 
 
 
Approved  by:      
 
K.Stanfield           
J.Cooper             
P.Limon             
 
 
 

 Page 16  



Spec.  #5520-ES-368037   Rev.   0       Released:    5/30/02       .    
  Last updated:                        .            

          Fermi National Accelerator Laboratory 

          Batavia, IL 60510 
 

 
 

 
 

 
 

TEST & INSPECTION SPECIFICATIONS 
5520-ES-368037 

 
for  

CMS Endcap Muon  
Cathode Strip Chambers 

 
 

 
 
 

 
 
 
Prepared by: N. Chester   Approved by: 
 

Andrey Korytov 
Giorgio Apollinari 
Nelson Chester   
Oleg Prokofiev  

File: Test & Inspect.doc Page 1 of  6  Printed: 9/24/2002 



Spec.  #5520-ES-368037   Rev.   0       Released:    5/30/02       .    
  Last updated:                        .            

 
 
 
Revision Date Description Approval(s) 

0 4/1/02 Initial Engineering Release ER # 7280 See Above 
    
    
    
    
    
    
    
    
 
 

File: Test & Inspect.doc Page 2 of  6  Printed: 9/24/2002 



Spec.  #5520-ES-368037   Rev.   0       Released:    5/30/02       .    
  Last updated:                        .            

 
The Specifications provided herein are the Test and Inspection requirements to which each Cathode Strip 
Chamber manufactured must conform . The manufacturing traveller for each chamber will define the 
frequency and details of how the tests and inspections are to be carried out to verify these specifications. 
 
 
1.0 PANEL VENDOR 
 
1.1 The vendor is to supply certificates of material compliance on each lot of parts.  Sample parts are to 

be measured during the production run to ensure proper dimensions and tolerances.  The 
measurements are to be written/documented on a data sheet.  A copy of the measurement data for 
each run is to be mailed to Fermilab Technical Division Materials Control Group when the material 
is shipped.  The sampling plan for measuring panels is to be mutually agreed upon between the 
vendor and Fermilab. 

 
1.2 Parts having copper surface imperfections or any other defects are to be rejected at the vendor.  

Fermilab reserves the right to visit the vendor and inspect the parts prior to shipment.  FNAL 
reserves the right to make final assessment of the shipped parts following receipt of the parts and 
after a sampling of parts have been routed through Receiving Inspection. 

 
 
2.0 PANELS AFTER LAB 8 MACHINING, CLEANING,  DEBURRING 
 
2.1 The panel surfaces must be free of dirt, oxide, oils, (no fingerprints or the like) and other particulate 

from the machining process.  Edges of machined tracks must be free of copper burrs, particulate, and 
glass whiskers.   

 
2.2 The cathode strip to strip and strip to ground resistance must be equal or greater than 50 MΩ.   
 
2.3 The depth of cut from Gerber machine to be 0.006” +/- 0.002” (0.152 +/- 0.051 mm) and the width 

of a single cut to be 0.025” +/- 0.005” (0.635 +/- 0.127 mm) in “X” direction and 0.037”+/ - 
0.017” (0.940 +/- 0.432 mm) in “Y” direction. 
 

2.4 Strip position relative to the alignment hole position must be measured and documented.  Alignment 
marks per the engineering drawings are to be incorporated into the Gerber machining process at both 
ends of the panels to indicate the location of several strip positions.  Strip position marks near the 
ends and center of the panel are required on both the wide and narrow ends.  The distance between 
the alignment marks and the center of the alignment pin holes are to be recorded in the appropriate 
travelers.  

 
 
3.0 GLUED PANELS 
 
3.1 Height of glued Cathode Panel Gap Bar to Panel Surface to be 0.375” +/-0.005” (9.525 +/-  

0.127 mm). 
 
3.2 Height of glued Anode Panel Wire Fixation Bar to Panel Surface to be 0.188” +/-0.005” (4.775 +/- 

0.127 mm). 
 
3.3 Spaces between gap bars must be filled with epoxy. 
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4.0 WOUND AND SOLDERED WIRE ANODE PANELS 
 
 
4.1 When the 200 micron wires are set in place on an Anode Panel the Winding Combs must be adjusted 

so that all of these wires are equally centered to the extent possible.  No wire may to be less than 
0.010” from the edge of the wire fixation bar pad.    

 
The tension for 200 micron wires must generally be 500 grams  +/- 50 grams.  Tensions outside of 
this range can be accepted according to the following table: 
 
Location                    Allowable  200µ Wire Tension Range (grams) 

           ME1/2 - ME1/3           ME2/1 - ME4/1             ME234/2 
 
Narrow End                    200 - 800                         200 - 800                   200 - 800 
1st button                        350 - 800                         350 - 800                   300 - 800 
2nd button                       400 - 800                    400 - 800                    350 - 800 
3rd button                          N/A                                  N/A               400 - 800 
4th button                           N/A                                  N/A               450 - 800 
Wide End                        450 - 800                   450 - 800               450 - 800 

 
4.2 During Wire Winding, the 50 µ wire should be centered on the Wire Fixation Bars to the extent 

possible based on the setup activity of 4.1.  .  No wire may to be less than 0.010” from the edge of 
the wire fixation bar pad.    

 
4.3 The tension in the 50 µ wires must generally be 260 grams +/-26 grams.  Tensions outside of this 

range can be accepted according to the following table: 
 
 Location              Allowable 50 µ WireTension Range (grams) 

   ME1/2 - ME1/3       ME2/1 – ME4/1                ME234/2 
 

HV SEGMENT 1  (NE)       200 – 300               200 – 300  200 – 300 
 HV SEGMENT 2              200 – 300               234 – 300  200 – 300 
 HV SEGMENT 3                   234 – 300  234 – 300   200 – 300 
 HV SEGMENT 4                      N/A       N/A     234 – 300 
 HV SEGMENT 5  (WE)           N/A        N/A      234 – 300 
 
4.4 Wires cut from behind Wire Fixation Bar Solder Pads must be cut flush with solder pad to the extent 

possible.   Not more than  0.010” (0.254 mm ) of wire may extend out beyond the solder pad. 
 
4.5 The Allowable Spacing between Anode Panel Wires Centers: 

 
Between 50 µ  - 50 µ  Wires =   Nominal* +/- 0.014” ( +/- 0.35 mm) 
Between 50 µ - 200 µ  Wires =  Nominal* +/- 0.024” ( +/- 0.60 mm)  
*Nominal is 0.1245” (3.16 mm) for 10O Chambers and 0.1228” (3.12 mm) for 20O Chambers. 
The total accumulated error in wire spacing across all of the wires may not be larger than 0.070” 
(1.778 mm). 

 
4.6 Strip to Strip and Strip to Ground Resistance to be 50 MΩ Minimum. 
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5.0 HAND SOLDERED PANELS 
 
5.1 Strip to Ground Resistance to be 1.0 MΩ +/- 0.10 MΩ. 
 
5.2 Capacitance between Wire Group to Ground as measured through each channel of every Anode 

Protection Board  to be roughly between  100 pf and 200 pF.  A zero value or value that is 
approximately twice the value of an adjacent channel is indicative of a short in the connections 
of adjacent wire groups. 

 
5.3 Allowable leakage current in open air between Anode Panel Wires and Ground while wires are at 4.5 

kV Potential to be less than 0.1 µA per individual wire segment. 
 
5.5 Lemo Connector to Ground Resistance to be 51 Ω +/-5Ω. 
 
 
6.0 DRY ASSEMBLED CHAMBER 
 
6.1 With chamber wires exposed to air, the allowable leakage current between Anode Panel Wires and 

Ground while wires are at 3.8 kV Potential to be 5.0 µΑ maximum per chamber segment. 
 
6.2 Capacitance between Wire Group to Ground as measured through each channel of every Anode 

Protection Board to be roughly between  100 pf and 200 pF.  A zero value or value that is 
approximately twice the value of an adjacent channel is indicative of a short in the connections 
of adjacent wire groups. 

 
 
7.0 SEALED ASSEMBLED CHAMBER FINAL ACCEPTANCE TESTS 
 
7.1 The chamber Internal Air Leak Rate pressurized to 3.0” (7.5 mbar) of H2O may not exceed 2.0 

cm3/m for ME 234/2 and 1.0 cm3/m for all others. 
 
7.2 The Capacitance of any Wire Segment to Ground to be roughly between  100 pf and 200 pF.  A 

zero value or value that is approximately twice the value of an adjacent channel is indicative of 
a short in the connections of adjacent wire groups. 

 
7.3 With the white High Voltage Panel Leads disconnected from the High Voltage Wire Harness Glastic 

Channel Connector Sockets, and with 4.0 Kilovolts applied to all of the appropriate pins of the 
Chamber Redel High Voltage Connector, the Leakage Current through the High Voltage Harness 
after no more than 10 minutes must be no more than 0.03 µΑ. 

 
7.4 The Resistance across Interlock Pins of High Voltage Harness to be no more than 5.0 Ω in Closed 

Position and a Minimum of 1.0 MΩ in Open Position. 
 
7.5 With 30 VDC applied to voltage inputs at High Voltage Connector, the same voltage must appear 

on each Chamber High Voltage Segments with the High Voltage banana plugs reconnected to 
the Glastic Channel Sockets. 
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7.6 High Voltage Leakage Current Test and Training is to start after a 48 Hr. Gas Purge of 10% CF4, 

40% Ar, and 50% CO2 at a purge rate of 0.4 l/min for ME 234/2 and 0.2 l/min for all others.  This is 
to allow a minimum of 5 to 6 times the chamber volume of gas to be exchanged before Test and 
Training is started.  After completing the chamber gas purge the High Voltage Leakage Current Test 
and Training is to be started.  The chamber Wire Voltage is to be raised slowly from 3.3 kV to 4.0 
kV, with the peak Leakage Current noted. 

 
7.7 Under Chamber Reverse Voltage Training at 3.3 kV, the Leakage Current is to be no higher than  

30.0 µA Maximum per Chamber after no more than 1.0 hour of dwell time. 
 
7.8 Upon completion of the High Voltage Training, the Leakage Current, with 4.0 kV applied to the 

Chamber High Voltage System is to be no more than 0.1 µA continuous per plane anytime 
during a 24 hour hold period, and must not trip with the specified Sensing Instrument high 
current threshold set at 10.0 µΑ.   Oscilloscope traces (with scope set to 5 mv/div and 0.5-1.0 
msec/div) of each wire group or anode channel must be observed through each Anode Protection 
Board with the 4.0kV applied.  The fundamental signal must exist at each anode channel with 
NO Corona signal observed. 

 
7.9 Prior to Packaging each Chamber, the Frame Assembly Bolt Torques settings are to be checked 

and verified that they are between 50-60 in-lbs. 
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LAB #8 PANEL 
 
Traveler Name Traveler No. # Pages Status Completion Date 
Axxiom Panel Cutting 
 Anode  5520-TR-333355 8  Revision E 7/27/00 
 Cathode 
  Upper 5520-TR-333356 9  Revision E 7/27/00 

Inner 5520-TR-333251 9  Revision A 7/27/00 
Lower 5520-TR-333252 9  Revision A 7/27/00 

  
Gerber Panel Routing 
 Anode  5520-TR-333357 17  Revision D 7/31/00 
  Measurement Form 5520-FM-333392 2  Revision A 11/5/99 
 Cathode 
  Upper Panel 5520-TR-333359 14  Revision C 10/27/99 
  Measurement Form 5520-FM-333393 2  Revision A 11/5/99 
  Inner Panel 5520-TR-333360 13  Revision C 7/31/00 
  Measurment Form 5520-FM-333394 2  Revision A 11/5//99 
 
MP-9  - PANELS 
Panel Cleaning/Preparation (AWH)   Excel Spreadsheet 
 
Panel Preparation/Glueing 
 Anode Panels 5520-TR-333361 17 Revision D 10/24/01 
  Measurement Form 5520-FM-333473 2 Revision A 7/25/00 
 Cathode Panels 
  Upper Panel 5520-TR-333362 11 Revision D 10/24/01 
   Measurement Form 5520-FM-333474 2 Revision A 7/25/00 

  Inner Panel 5520-TR-333363 19 Revision D 10/24/01 
   Measurement Form 5520-FM-333475 2 Revision A 7/25/00 
  Lower Panel 5520-TR-333364 9 Revision D 10/24/01 
 
Panel Wire Winding 
 Anode Panels 5520-TR-333365 21 Revision F 10/24/01 
 
Panel Wire Strip Glueing 
 Anode Panels 5520-TR-333366 17 Revision C 10/24/01 
 
Panel Wire Soldering (Machine) 
 Anode Panels 5520-TR-333367 9 Revision C 10/24/01 

 
Panel Component Soldering (Hand) 
 Anode Panel  5520-TR-333253 21 Revision K 2/5/02 
 Upper Cathode Panels 5520-TR-333368 14 Revision I 2/5/02 
 Inner Cathode Panels 5520-TR-333429 13 Revision G 2/5/02 
 Lower Cathode Panels 5520-TR-333430 9 Revision C 10/24/01 
 
Panel Tension Testing 
 Anode Panel 5520-TR-333369 9 Revision C 1/29/02  
 
Panel Electrical Testing 
 Anode Panel  5520-TR-333254 11  Revision F 10/24/01 
 

MP-9 – Chamber 
 Chamber Assembly 
  Panel/Chamber Assy 5520-TR-333370 32 Revision Q 6/4/02 
  Chamber Capacitance  5520-TR-333479 9 Revision C 10/24/01 
  Chamber Test Training 5520-TR-333255 20 Revision H 2/7/02 
  Chamber Pack/Ship 5520-TR-333256 19 Revision C 11/8/01 
  
    320 















































































































































































































































































































































































































































































































































DRs totaled by month and category for CMS (MP9 only)
Average number of DRs per chamber

Individ.: cl:  4.03793 ucl:  8.01504 lcl: 0.0608177 * Rule violation
Subgrp Size 1
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DRs totaled by month and spec number for CMS
Chamber Assembly - 333370

Individ.: cl:  2.39394 ucl:  7.37887 lcl: -2.59099 * Rule violation
Subgrp Size 1
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DRs totaled by month and spec number for CMS
Anode Winding - 333365

Individ.: cl:  1.36364 ucl:  4.27151 lcl: -1.54424 * Rule violation
Subgrp Size 1
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DRs totaled by month and spec number for CMS
Anode Tension Testing - 333369

Individ.: cl:  1.30303 ucl:  5.12481 lcl: -2.51875 * Rule violation
Subgrp Size 1
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